LOI CAM DOAN

T6i xin cam doan ludn van thac si cong nghé thong tin “HE THONG PO
TOC PQ PHUONG TIEN GIAO THONG TREN QUOC LQ BANG CAMERA
KY THUAT SO” 14 do t6i nghién ctru, tong hop va thuc hién.

Toan bd nd1 dung luan van, nhirng diéu dugc trinh bay la ctua chinh ca nhan
t6i hodc 1a dugc tham khao, tong hop déu dugc trich xuat voi nguon gdc rd rang. Cac
s6 lieu, két qua néu trong luan van la trung thyc va chua tung dugc ai cong bd trong

bat ky cong trinh nao khac.

TP.HCM, ngay 07 thadng 07 nam 2022

Hoc vién thyc hién luan van

LY BANG



LOI CAM ON

Loi ddu tién, hoc vién xin bay to long biét on sdu sic dén PGS.TS Vii Pic
Lung, ngudi da truc tiép dinh huéng va huéng din tan tinh hoc vién trong sudt qua
trinh hoan thanh luin van. Nhitng kinh nghiém cua thiy 1a tién dé dé giap hoc vién
mo rong kién thirc va hoan thanh khoa luan t6t nghiép.

Em ciing xin danh 15i cam on chan thanh dén Thay C6 Hoc vién Cong Nghé
Buu Chinh Vién Théong co so tai TP.HCM. Céac Thay Cb d3 day bao va ludn tao diéu
kién t6t nhét cho hoc vién trong sudt qua trinh tham gia 16p cao hoc.

Xin tran trong cam on ban Giam Pdc trung tAm cong nghé thong tin - vién
thong Tay Ninh, da cho phép t6i stt dung dir li€u camera thong minh ctia VNPT Tay
Ninh. Cam on céc ban dong nghiép co quan, da tao diéu kién vé thoi gian va quan
tam dong vién tinh than trong thoi gian hoc vién di hoc va hoan thanh luan vin.

Cudi cung, xin cam on gia dinh va ban bé d4 ludn bén toi, ¢d vil va dong vién

t61 trong subt qua trinh hoan thanh luan vin nay.

TP.HCM, ngay 07 thang 07 nam 2022

Hoc vién thuc hién luin van

LY BANG
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MO PAU
1. Ly do chon dé tai

Trong thoi dai ngay nay céng nghé thong tin hau nhu da thim nhap vao toan
bo cac linh vie doi séng xa hoi, cung véi do su phat trién vé moi mit caa doi séng
x4 hoi tir van hoa, gido duc cho dén cong nghé va dac biét su phét trién vuot bac cua
thoi dai s6 hoa, cong nghiép tir 46 cong nghé thong tin di va dang gop phan to lon
cho x& hoi con ngudi rat nhiéu trong nhiéu linh vuc nhu kinh té, doi séng, gio duc,
dich vy,... Tir 46 nhiéu hé thdng camera dé theo ddi giam sat an ninh, tinh hinh giao
thong két hop véi giam sat da duoc lap dat ngay cang nhiéu. Tir nhitng dit liéu c6
san nhiéu tng dung thu thap khai thac phan tich dir liéu tir hé thong gidm sat theo ddi
nay nhu tinh toan du doan mat d6 luu thong, dém luu lwong Xe, truy vét, nhan dang

bién sd, do toc do xe...

Cung voi d6 viée dwa tng dung cdng nghé théng tin vao viéc quan ly kiém
sot, sir phat hay diéu chinh céc tuyén dudng bo tri lai ludn phuong tién tham gia giao
thong gop phan kiém ché nhing vu tai nan giao thong khong dang cé ciing nhu duy
tri trat ty, an ninh, an toan, nang cao ty gi4c y thic trong tham giao thong gop phan
nham diéu chinh nhan thuc cling nhu hanh vi cia nguoi tham gia giao thong 1a can
thiét.

Trén thuc té cho thiy, mat do giao théng va y thac diéu khién téc do di chuyén
cua nhiéu phuong tién ciia ngudi tham gia giao théng anh huang rat 16n dén xac suat
Xay ra tai nan 1am anh hudng dén muc do nghiém trong caa mdi vu tai nan. Trong
bdi canh diéu kién ha ting giao thong nudc ta con chua phat trién, to chirc luu thong
cac phuong tién & nudce ta con nhiéu han ché ciing véi viée ngudi tham gia diéu khién
phuong tién giao théng thiéu y thirc, thuong xuyén khéng 1am cha duoc toc d6, moi
truong tham gia giao thdng xau, da dan dén tinh trang xay ra cac vu tai nan giao théng
nghiém trong ngay cang gia ting.Vi vay can thiét phai cac ké hoach dé ra cai tién

trinh quan ly, phai irng dung céng nghé thdng tin vao viéc xay dung quan ly va giam



sat giao thong thong minh hd tro cac co quan ban nganh va d6 chinh 1a Iy do thuc

hién d¢é tai nay.
2. Tong quan vé van deé nghién ciru

Thoi dai ngay nay tir nhitng nhu cau can thiét vé xir ly hinh anh c6 rat nhiéu
nghién ctru vé linh vurc thi gidc may tinh 1a mot trong nhitng linh vuc khoa hoc may
tinh dugc nhiéu nha nghién ctu trén thé gisi va Viét Nam di va dang quan tdm dic
biét vé tinh trang giao thong, xi Iy vi pham thdng qua xi Iy hinh anh, nhan dang, truy

vét va phan loai phuong tién giao théng.

Nghién cau vé viéc xay dung mot hozc nhiéu hé thong giam sat, truy vét, phan
loai phurong tién giao thong va du doan dua ra canh bao vé toc do trong bdi canh Viét

Nam la diéu cap thiét va c6 ¥ nghia to 16n &p dung ca vé ly thuyét va thyc tién.

Nhiéu nghién ctu xay dung hé thong tap trung giam sat, truy vét, phan loai
cac phuong tién tham gia giao thong va du doan toc do dya trén video 1a xét xem tai
mét thoi diém, trong viing quan tam, c6 nhitng loai phuong tién gi, huéng di chuyén,
s6 luong twong tng. Vé mit tng dung, hé théng giam sét thuoc nhém céc wng dung
lién quan dén giao théng théng minh. Viéc xay dung hé thong giam sat duoc tich hop
tng dung nhiéu trong nhiéu linh vuc quan ly giao thdng, trong nhiéu hoat déng an
ninh, quéc phong, kinh té x4 hoi, nhu canh béo trom, canh bao chay, hd trg giam sét
bao vé cac muc tiéu quan trong, gop phan xay dung an ninh x& hoi ciing vai d6 tng
dung cong nghé thong tin hd tro co quan ban nganh thu thap cac chung cu tai nhing

tinh hung nhay cam.

C4c yéu cau co ban cua viéc xay dung hé théng giam sat nhan dién, truy vét,
phan loai phuong tién giao thdng va canh béo tdc do phuong tién 1a véi dir lidu dau
vao la video giao théng, yéu cau dau ra 1a loai phuong tién tham gia giao théng trong
viing quan sét, thdng tin vé toc do cua phuong tién tham gia giao thong (6 t, xe may

va cac phuong tién tho so khac).



3. Cau héi nghién ciru

Xay dung hé thdng do tdc do phuong tién giao thong trén dia ban tinh Tay
Ninh mang lai lgi ich gi cho cac s¢ ban nganh?

Can nhitng dit liéu ndo phu hop, dé co thé quan Iy va du béo?

Str dung Phuong phéap nao dé phat hién, nhan dién d6i twong chuyén dong.

Ung dung phép toan nao dé du doan hudéng di chuyén va tinh toan van téc cua

phuong tién tham gia giao thong.
4. Muc dich nghién ciru

Luan van tap trung nghién ctu sau vé cac ly thuyét lién quan vé xu Iy anh,
nhan dang phan loai va theo vét d6i twong, phat hién va truy vét dbi tuong qua ting

frame cuia video va cudi cung 1a du doan tbc do,.
Nghién ctru céc Iy thuyét lién quan bai toan tinh tc d6 phuong tién
Xay dung tha nghiém tng dung do toc d6 ...

T cac két qua nghién cau hoc hoi vé ly thuyét, tir d6 xay dung mot phan mém

thar nghiém thyc té 4p dung cho dia phuong.

5. P6i twgng va pham vi nghién ciu

Déi tugng nghién ctru & ddy cha yéu 1a cac loai phuong tién trén duong phd,
camera k¥ thuat sb giam sat giao thong.

Céc phuong phap nhan dang ddi tuong, theo vét doi tuong va udc lugng tde

d6 d6i tuong.

Pham vi nghién ciru tap trung cua luan van nay chi tap trung vao do téc do
chuyén dong cua 6 t6, Mbi truong dit camera trong diéu kién moi truong ban ngay,

sang va kha ro.



6. Phwong phap nghién ctru

Tap trung Thu thap nghién ciru cac bai bao, phan tich nhiéu loai tai liéu vé cac
nghién ctru da thyc hién trén thé gidi va Viét nam tap trung cac van dé giam
sat thong minh bang hinh anh.

Phan tich, Iya chon giai phap va hién thuc thir nghiém Panh gia két qua va
hiéu chinh néu cé.

Thu thap dir li¢u

Hién thyc thir nghiém va danh gia két qua

7. Nhirng dong gép ciia dé tai

Van dung céc thuat toan du bao dé xay dung hé théng do toc do trén quéc 16

va cac cira ngo quan trong trén dia ban tinh Tay Ninh.

X4y dung hé thong do tdc 6 phuong tién tham gia giao thong



Chwong 1: TONG QUANG NGHIEN CUU

TRONG VA NGOAI NUOC
1.1. Gi6i thiéu

Hién nay tai cac nudc phat trién, viéc &p dung str dung nhiéu camera ban téc
d6 (speeding camera) kha thdng dung véi hang nhin camera ban téc d6 va camera
chup hinh sai pham giao théng sai lan dudng, vuot dén do dugc bd tri nhiéu noi kin

dao va chang chit trén khap moi néo duong.

Hé thdng xac dinh phuong tién tham gia giao thong khdng phai 1a hé théng
méi, tuy nhién van con nhiéu thach, dic biét ddi véi tinh trang giao thong nudc ta co
nhiéu thach thirc nhu: Tinh trang giao thong ¢ Viét Nam phuc tap bai mat do luu
thong xe may ting nhanh mot s6 thoi diém, nhiéu loai xe c6 kich ¢& qua tai, moi
truong va diéu Kién thoi tiét xau, goc dat may quay da dang v.v... Bén canh doé, ap
dung dé co thé phét hién nhitng truong hop chay vuot qua téc d6 quy dinh, nhiéu
tuyén dudng da duogc trang bi cac hé thdng may ban téc do st dung laser. Thiét bi
nay c6 chi phi rat cao, phai bao tri bao dudng va viéc trang bi sé luong nhiéu trén
nhiéu tuyén duong 1a khong kha thi, vi vay ta co thé tan dung hinh anh thu duoc tir
c4c video giam sat giao théng tir d6 sir dung cac phuong phap xur ly anh dé phét hién
phan tich tinh toan téc d6 xe dang 13 giai phap ti wu duoc nhiéu nha nghién ctu quan
tam. Tom lai, dé tang cudng viéc giam sat phat hién, truy vét, xir ly cac sai pham cua
phuong tién tham gia giao thong qua cac camera giam sat dang duogc trang bi véi s6
lugng I6n trén cac con dudng khap ca nude, hudng tiép can ap dung céac ky thuat
thuat toan xir ly anh dé phat hién, truy vét va tinh toan toc do cac phuong tién la can

thiét va kha thi voi mac chi phi hop ly.



1.2. Cac nghién ctru trong nuéc

Ngay nay ¢ nudc ta, cAc nghién ciru vé van dé nhan dién, do tc do xe chuyén
dong qua camera con rat nhiéu han ché do tinh phtc tap, mat do giao théng va ang
dung vao thuc té. Chu yéu 1a tap trung nhiéu vao cac phuong phap nghién ciru lién
quan vé bam d6i tuong trong video, du doan hudng di chuyén... Hién nay nhiéu bai
bao nghién cttu khoa hoc c6 nhiéu thanh vién tham gia hoc hoi nghién ctru phat trién
nhu: Nam 2015 cac tac gia Nguyén Van Hung, Nguyén Vin Xuit, L& Manh Cudng
[1] dung phuong phap mot md hinh xé&c suat ¢6 sir dung hai dic trung d6 1a dua vao
bé mat va mau sac dé di tim ddi twong trong cac khung anh méi, phuong phép nay cé
theo sét truy vét cac ddi tuong hiéu qua trong cac canh khac nhau.

Niam 2016 ¢o6 nhiéu tac gia dua ra nhiéu nghién ctru dién hinh nhu Lam Hitu
Tuan, Nguyén Thi Hong Nhung, Tran Cao Pé, Huynh Phung Toan [2] su dung
phuong phap xac dinh tinh toan van téc chuyén dong cua céc xe tir hinh anh video
v6i mot “khung do” dé nhan biét phat hién ddi twong chuyén dwa trén phuong phap
trir nén, duoc (ng dung phép toan tinh trung binh cé trong sé dé tinh toan va doan
huéng di chuyén va van téc caa dbi tuong.

Cong trinh cua Viet-Hoa Do va cac cong su”A simple camera calibration
method for vehicle velocity estimation” [3]. Xéac dinh cac tham sé camera (camera
calibration). Muc tiéu cua viéc nay 1a nhim xac dinh duoc toa d6 thuc té cua mot
pixel trong anh thu duoc boi camera. Dé thuc hién duoc diéu ndy, camera can phai
xéac dinh ba thdng sé sau: do cao h, géc nghiéng (tilt angle) theta va khoang céch Iy
nét (focus distance) f.

Tai hoi nghi FAIR 2020 tac gia Vit Pwc Lung va cac cong su “khao sat bai
toan nhan dién phuong tién va do tc do phuong tién tham gia giao thong” [4]. Trong
bai toan nay tac gia da néu 1én dugc cac phuong phap trong viéc nhan dién va do toc

do phuong ti¢n giao thong.



1.3. Cac nghién ciru ngoai nuwéc
Hién nay, nhiéu nghién ctru ngoai nuéc vé cac ky thuat trir nén, st dung

camera hd tro trong viéc truy vét va camera phan tich xu ly anh dé do toc do.

Cong trinh cua Jakub Sochor va cac cong su” Comprehensive Dataset for
Automatic Single Camera Visual Speed Measurement” [8]. Nhom tac gia dé ra 1 tap

dataset va danh gia 1 s phuong phap trén tap dataset nay.
Céc hudng tiép can chinh:

+ Duva trén céac line markings: quan sat cac line markings. Chi &4p dung duoc
khi cac line markings nay duogc dic ta, ¢ hién thi va nhan dién. Phuong phap nay chi
gidi han & dudng noi thanh. Va 1 s6 phuong phap yéu cau do dac con duong ciing 13
1 bat loi

+ Dua trén cac di chuyén cua phuong tién: khong can céc line markings.
Tuy nhan van chi duoc s dung ¢ duong ndi thanh nho khi ma cac hiéu chinh

(calibration) ciing t6n rat nhiéu thoi gian khi phai quan sat cac phuong tién

+ Tinh toan thu cong: do chinh xé&c cao (trén 1 s cases), tuy nhién phai

dirng cac phuong tién giao thong dé lam phép do dac

+ Dua trén théng ké céc chiéu khdng gian: tinh toan trén 2 vanishing point

khac nhau"

Cong trinh ctia Dominik Zapletal va cac cong su “Vehicle Re-
Identification for Automatic Video Traffic Surveillance” nhan dién phuong tién (cot
H) véi dé xuat (cot F) st dung 3D bounding box, chi diing mat bén va mat trudc cua
vat thé (ko dung hinh anh tir dinh xe), sau d6 ghép 2 phan lai thanh 1 anh dai dién
cho vat thé d6 va trich xuat ddc trung mau sac tir anh d6 * Proposed vehicle Re-1D:

dung linear SVM classifier cho két qua True positive rate khoang 60% [9]

Cong trinh cua zheng tang, va cac cong su “single-camera and inter-camera

vehicle tracking and 3D speed estimation based on fusion of visual and semantic



features” [10] bai bao nay tac gia sir dung 2 phuong phap don camera 3D va da
camera dé xac dinh phwong tién, phan loai phuong tién va uée lwong toe do. Bai béo
duoc top 1 cudc thi Al city 2018

Cong trinh cua Ahmad Arinaldiet al “Detection and classification of vehicles
for traffic video analytics” Tac gia d& xuat mot hé théng phan tich giao théng dwa
trén thi giac may tinh. Hé théng c6 kha niang d¢ém sé phuong tién, phan loai phuong

tién, wdc lugng téc do va theo dbi qua trinh sir dung lan duong. [11]

Niam 2019, Fukai Zhang [12] va cac cong su da dé xuat moé hinh Single-Shot
Multibox Detector (SSD) dé phat hién nhan dién cac phwong tién tham giao thong va
¢ kha ning nhan dang phan loai phat hién nhiéu loai phuong tién khéc nhau trong
thoi gian thyc. Nhom tac gia da ang dung nhiéu b trich xuat dic trung khac nhau
trong viéc xac dinh cac phuong tién, vi tri va phan loai trong cung mét mang CNN.
Pé cai tién hoan thién chat lugng, cac dic trung nay duoc két hop véi nhau thdng qua
c4c thao tac deconvolution va pooling. Nhém tac gia ciing tién hanh diéu chinh cac
ty 1é khac nhau thong qua bounding box dé c6 thé phat hién cac phuong tién co kich
thudc nho duge chinh xac hon. Nhin chung, hé théng nhan dién phuong tién giao
thong c6 thé duoc chia thanh 3 phuong phap tiép can chinh bao gdm: phuong phap
dua trén cac dic trung chuyén dong, phuong phap dua trén cac dic trung cap thap va

phuong phap dua trén mang neural.

Tac gia Kenneth S. Palacio-Baus [13] tir Pai hoc Illinois tai Chicago theo ddi
do tdc do xe va truy vét 6 to trén cao téc sir dung thuat toan trir nén MOG?2 tir thu
vién OpenCV va cac thu vién cong cu khac cho két qua nhan dién déi twong tot. Tai
Théi Lan [14] cdng ty SmartVision Technology véi cong nghé (Smart - LPR) day 1a
mét trong s6 nhiéu san pham thuong mai, ¢ kha nang doc bién sé xe ty dong, theo
vét phuong tién, véi téc do do toi da 180 km/h c6 d6 chinh xac 85% trg 1én. Cong ty
Traffiko [15] véi nhiéu giai phap van chuyén thdng minh, sang tao, cai tién, cung cap
nhiéu tng dung vao web dé quan 1y bai dd xe biang SaaS théng minh va cac ung dung

dua trén, thuc thi phap luat lién quan dén giao thong dudng phd va ngoai phé thdng



qua phan tich thoi gian hanh trinh, phan tich kiém soat truy cap video dua trén mot

nén tang tich hop...

Trong qua trinh hoc, chung téi nghién ciru cac bai bao cua nudc ngoai va cac
bai bao cua Viét Nam. Hau hét cac bai béo cua nudc ngoai déu dé cap hiéu qua viéc
phét hién phuong tién bang mot sé giai phap khac nhau, dic biét 1a hoc sau. Ngoai
ra, da c6 céac loai gidy cua Viét Nam giai quyét van dé nay bang cach xt 1y duong
vién. Vi vay, ching t6i nhan thay rang viéc ap dung phuong phap hoc sau dé phat

hién phuong tién cho giao thong Viét Nam 1a can thiét.
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Chwong 2: COSO LY THUYET

Trong chuong nay ludn vin s& gidi thiéu co ban vé cac khai niém, dic trung
va cac k¥ thuat tir co ban dén nang cao lién quan dén xir Iy hinh anh va phat hién dbi
tuong. Cac k¥ thuat hién tai 4p dung cho hé thong phat hién, truy vét dbi trong, do
tdc d6 dbi tuong va nhimg han ché cua cac ki thuat nay.

2.1.  Cac Ky thuit xir Iy 4nh va nhan dién ddi twong

2.1.1. Tong quan vé mot hé thong xir ly anh

Viéc thu thap xtir Iy phén tich, nhan dang hinh anh la ddi tuong nghién ctru cta
linh vuc thi gidc may, 1a mot qua trinh bién d6i tir mot anh hodc nhiéu anh ban dau
sang mot anh mai voi cac ddc tinh, dic trung va lubn tudn theo ¥ mudn cia ngudi sir
dung. Xt 1y anh c6 thé gdm nhiéu qua trinh thu thap phan tich dit liéu dau vao nhan
tir cac camera giam sat, tir phan 16p cac ddi twong, lam ting chat luong, hodc giam,
phan doan va tach canh, thong tin hinh anh cta anh ta c6 thé gan nhan cho ving hay
qua trinh bién dich. Viéc xir Iy bd dit liéu hinh anh bang do hoa, xir Iy anh s tir cac
video la mot trong nhiéu linh vuc cta tin hoc ung dung. Mot cAu trac dit liéu va duoc
tao boi nhidu chuong trinh ta xem nhu 14 céc tap dit liéu hinh anh. Xir Iy anh nhan
tao béng nhiéu tap dir ligu dd hoa dé cap dén, Cac ky thuat xur 1y anh s6 1a tap hop
nhiéu phuong phap va k¥ thuat bién doi, truyén tai hoic ma hda cac anh ty nhién.
Muc dich cta viée xir Iy anh gdm: Bién doi anh lam giam chat luong anh hoic ting
chat lugng anh. Ty dong don nhan anh, nhan dang anh, danh gia lai cdc ndi dung cua
anh. Ttr d6 viéc nhan biét va danh gia cac ndi dung cua nhiéu tap anh 1a sy phan tich
mot hay nhiéu hinh anh thanh nhiing phan c6 y nghia dé phan biét dé phan biét nhan
biét d6i twong nay véi mot hodc nhiéu ddi tugng khac, dwa vao dé ta c¢6 thé mo ta lai
C4C cAu tric ctia hinh anh ban dau. Ta c6 thé liét ké nhiéu phuong phap nhéan dang,
phan tich anh co ban nhu phan biét nhan dang anh cta cac ddi tuong trén anh mot

hodc nhiéu, tach canh, phan doan hinh anh,... C4c k¥ thuit nay dwogc tap trung st



11

dung nhiéu nhat trong y hoc (xtr 1y té bao, nhiém séic thé), nhan dang hinh chit trong
van ban.

Truéc hét 12 qua trinh thu nhan anh. Anh cé thé thu nhan qua camera. Thong
thuong anh duoc thu nhan ghi lai qua camera 12 tin hiéu sé héa (loai CCD - Charge

Coupled Device), va ciing c6 thé 1a tin hiéu tuong tu (loai camera 6ng kiéu CCIR)

] Cac qua trinh xir ly 4nh
CAMERA =
|—: Thu I'II'I:;J"H > 56 hl]a » F'hfin thh > -
f anh Mban...
dang
SENSOE l
¥
| HE Q. Binh

Hinh 1: Cac giai doan chinh trong xir ly anh
(Nguon: Gido trinh xit Iy anh [5])

Ngoai ra Trong céc truong hop anh ciing c¢6 thé thu nhan tir vé tinh dic trung
riéng qua cac bo cam ng (sensor), tranh dugc quét trén scanner, hay anh. Trong qué
trinh sé hoa (Digitalizer) dé dugc bién ddi tir tin hiéu trong tu duoc chuyén sang tin
hiéu roi rac (1dy mau) va duoc sé hoa bang luong hda, trude khi duoc chuyén sang
giai doan sau tién xtr 1y, phan tich hay luu trir lai.

Qua trinh phan tich anh thuc chat phan chia ra nhiéu céng doan nho. Trudc
hét la phai tang cudng anh dé nang cao chat lugng anh. Trén thyc té c6 nhiéu nguyén
nhan khéc nhau: c6 thé do ngudn sang do chat lwong thiét bi thu nhan anh, hay do
nhiéu, chat luong dudng truyén khong tot, anh ¢ thé bi suy bién. Vi vay can phai c6
nhitng thuat toan, thiét bi, ting cuong va khdi phuc lai anh dé 1am néi bat mot s dic

tinh chinh cia anh dé d& nhan biét va phan biét, sé 1am cho anh gan gidng nhat véi
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trang thai géc - trang thai trudc khi anh bi bién dang va dugc xtr 1y. Va giai doan tién
xtr ly la phat hién cac dac tinh dac trung nhu bién, phan vung anh, trich chon cac dac
tinh, v.v...

Tuy theo cac muc dich sir dung cia irng dung7, trong giai doan nhan
dang, phan 16p hay cac quyét dinh khac. Qué trinh xur Iy anh dugc chia lam céc giai
doan chinh c6 thé mé ta ¢ hinh 1

Mot s6 hé théng phan tich xir Iy anh thu nhan qua camera nhw 14 con mét cua
hé théng thu nhan hinh anh dau vao. C6 2 loai camera: camera 6ng loai CCD va
camera CCIR. Loai camera véi tiéu chuan CCIR hinh anh dwoc quét véi mot tan sb
1/25 va mdi anh gdm 625 dong. .. Loai CCD gom cac photo didt c6 cuong do tuong
ing sang tai mot diém anh ang véi d6 1a mot phan tir anh (pixel). Nhu vay, anh la

tap hop cac diém anh. Do phan giai (resolution) duoc goi l1a s6 pixel tao nén mot anh

2.1.2. Mpt 6 khdi ni¢m
. (Picture Element): phan tir anh
Trong xu Iy anh thuc té 1 anh lién tuc vé gia tri cuong do sang va vé

khong gian. Dé ¢ thé xir Iy nhiéu tip anh bang may tinh trude tién can thiét phai tién
hanh s6 héa anh. Trong qua trinh anh duoc s hoa céc tin hiéu dugc thay doi lién tuc
sang tin hiéu roi rac thong qua cac qua trinh thu thap 1y miu (roi rac hoa vé khong
gian), luong hoa cac thanh phan thay doi gia tri thé vé nguyén tic bang mét thudng
ching ta khdng thé phan biét duoc hai diém ké nhau. Khai niém Picture element 1a
trong qua trinh phan tir anh nguoi ta 4p dung

Pixel hay dé cap dén trong cac hé thong xir Iy dd hoa may tinh. Pixel thiét bi
1a tén goi dé tranh nham 13n ching ta tam goi khai niém pixel. Pixel thiét bi c6 thé
dugc nhan xét nhu sau: (trong ché do d6 hoa) khi ta quan sat man hinh, man hinh hién
thi diém anh khong lién tuc ma gém nhiéu diém nho dugc hién thi goi 14 pixel. Mdi
pixel gdbm mot cip toa do x, y va mau.

Cap toa do x, y tao nén do phan giai (resolution). Nhu man hinh may tinh dugc
sir dung hién nay c0 rat nhiéu loai va v&i do phan giai khac nhau: man hinh CGA c6

do phan giai binh thuong la 320x200; man hinh VGA la 640x350...
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Viy, mot anh 13 mot tap hop cac diém anh. P6i véi tip anh duoc sé hoa,
thudng duoc hién thi hodc biéu dién boi nhiéu bang hai chiéu I (n, p): n dong va p
cot. Ta néi anh gdm n x p pixels. Nguoi ta thuong ky hiéu I (x, y) dé chi mot pixel.

Thudng gié tri cua n chon bang p va bang 256.

o Muzc xam (Gray level):

La két qua cua sy ma héa tuong tng mot cudng do sang cua mdi diém anh
tuong tng Mot hoac nhiéu gia tri s tir 46 két qua dat dugc cua qua trinh lugng hoa.
Céach ma hoa kinh dién thuong dung 16, 32 hay 64 mtc. Ma hda 256 mic 1a phd dung
nhét do ly do k¥ thuat. Mdi pixel s& duoc ma hoa boi 8 bit.Vi 28 = 256 (0, 1, ..., 255),
véi 256 muc

e  Biéudién anh xam: 7

La Anh hai chiéu, Gia tri dugc md ta mirc xam cho diém anh trén cung mat
phang mdi diém (x, y) trén anh (ng voi mot £ (x, y). Trong d6, x 1a s hiéu cot, y 1a
s6 hiéu dong trén anh.

Néu la anh mau, c6 bang mau thi f (x, y) la sé hiéu mau.

Céc gia tri R, G va B cua diém anh la thé hién cia Anh hon 256 mau thi f (x,
y) 123 byte

. Tach nguong:

Tach ngudng duoc hiéu nhu sau Gia thuyét ta ¢6 anh I ~ kich thudc anh duoc
thé hién m x n, gdm c6 hai s6 Min, Max va ngudng 0 khi do:

K§ thuat tach ngudng thé hién

for (i=0;i<m;i++)

for (=0;j<n;j++)

1[i, i]1=1[i, ] > = 62 Max: Min;

* Ap dung: Néu Min = 0, Max = 1 sir dung k¥ thuat chuyén mot anh thanh anh
den trang dugc ta tng dung khi nhan dang van ban va khi quét c6 thé xay ra it sai s6t

nén thanh anh hoidc nguoc lai din dén anh bi dut nét hoac dinh khdng thé hién ré.
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2.1.3. Cdc vin dé co ban trong xir Iy dnh
Chinh bién dang: Tap anh ta thu duoc c6 thé bi bién dang, khong duoc rd
nhiéu do cac thiét bi quang hoc va dién ti. Ta c6 thé khac phuc khi sir dung cac tap

hop phép chiéu dugc xay dung dya trén tap hop cac diém diéu khién.

Khir nhiéu: Trong qué trinh thu nhan anh thuong cé 2 loai nhiéu ma ching ta

can loai bo: [5]

H¢ thdng bi nhidu: 1a nhiu c6 quy luat ta cd thé khu bang cach ap dung céc

phép bién doi

Nhiu ngau nhién: 1a nhiéu khdng rd nguyén nhan ta c6 thé khic phuc bang
nhiéu phép loc.

Chinh sé6 mirc xam: Chinh sé6 mitc xam la khic phyc tinh khong dong déu
cua hé théng thu thap xa 1y hinh anh, thong thuong ¢ 2 huéng tiép can duoc sir dung
nhiéu:

Giam s6 mirc xam: Ta c6 thé thuc hién bang cach nhdm nhiéu mac xam gan
nhau thanh mot nhom. Thong thudng cac trudng hop ta giam xudng hai mac xam thi

chinh 1a chuyén vé anh den tring.

S6 mirc xam ting: Sir dung k¥ thuat noi suy ra cac mic xam trung gian. Ky
thuat nay tang cuong dé6 min cho anh.

K§ thuat Nén anh: La phuong phap nham giam thiéu khong gian luu triy, tiét
kiém bo nhé. O day ta co hai huéng tiép can chinh 1a anh dwgc nén ¢ bao toan va
khong dugc bao toan thong tin. Thyc hién nén khéng bao toan thi thuong cé kha nang
nén cao hon nhung khi phuc hdi duoc anh gdc 1a rat kho, nguoc lai nén cé bao toan

cho phép khdi phuc ti da hoan toan anh géc.
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2.1.4. Nhén dién va phdn loai anh

Nhan di¢n, Phat hién ty dong va truy vét, phan loai va nhom cac mau 1a nhiing
van dé rat quan trong cua thi gidc may tinh, Khi ma thoi dai cong nghé ngay cang
phat trién duoc tng dung trong nhiéu nganh, linh vyc khac nhau. Vi du nhu phat hién
d4u van tay, phan loai hang hoa, phat hién khuén mat hay mot biéu dd cua 4m thanh.

bé phat hién hoac phan loai dugc anh c6 thé sir dung hai céch chinh:

o Hoc c6 giam sat (supervised learning): Phan loai mau dau vao vao mot
I6p da xac dinh.
o Hoc khong giam sat (unsupervised learning): Cac mau duoc gom

nhém véi nhau dua trén mot sé diéu kién nao d6. Tap hop céc 16p anh nay cho dén

thoi diém ta xir Iy phan loai van chua biét hay chua duoc dinh danh.

2.2.  Giéi thi¢u vé OpenCV

2.2.1. Tong quan vé OpenCV

OpenCV (Open Source Computer Vision Library) 1a thu vién m& nguon mo
hang dau cho thi giac may tinh (computer vision), Cu thé hon OpenCV 1a kho luu trit
c4c ma ngudn mé duoc dung dé xir Iy hinh anh, phat trién cac wng dung d6 hoa trong
thoi gian thuc. May hoc, xir Iy hinh anh va cac tinh ning ting toc téi uu GPU trong
thoi gian thuc.

OpenCV duoc phat hanh theo gidy phép BSD, Do d6 céc dich vu né cung cap
12 hoan toan mién phi va duoc han ché tdi da céc rao can thong thuong. Cu thé, ban
duoc phép st dung phan mém nay cho ca hoat dong thwong mai 1an phi thuong
mai. OpenCV con co6 cac interface Python, Java, C++, C, va hd tro, Windows, Linux,
Mac OS, iOS va Android. OpenCV duogc xay dung thiét ké dé hd tro cac phép tinh
toan hiéu qua va vai sy tap trung chinh vao cac ung dung thoi gian thuc. Puoc tdi vu
hoa C/C++, ta ¢ thé tan dung thu vién xt Iy da 16i. Puogc sir dung rong rai trén toan
thé giéi, Pham vi sir dung pho bién trong rat nhiéu trong tuong tac linh vuc nghé

thuat, khai thac mé, cho dén linh vuc ban dd trén web hodc cong nghé robot.
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2.2.2. Céu triic OpenCV

So luge vé cdu trac cua thu vién OpenCV: 2 phan (module) chinh trong thu
vién OpenCV. Mi ngudn duoc nhom phat trién xay dung va kiém dinh toan dién,
gdm nhiéu thuit toan di duogc thé gidi cong nhan va danh gia dua trén co so Iy thuyét
chéc chin 12 Phan can ban (basic). Céac t6 chirc khoa hoc khac nhau trén thé gidi dong
gop xay dung céc thuit toan cap nhat dugc xay dung tir nhidu coéng trinh nghién ctru
la Phan mé rdng (contribution) duoc cac bai bao méi ding trong thoi gian gan ddy.
Ttr phién ban 3.0, phan mé rong dugc tach riéng khong con dugc gdp chung vé6i thu
vién mic dinh. Nhiéu thuat toan duoc nghién ctru xay dung trong phén mo rong duoc
nang cip bo sung c6 do 6n dinh va téi wu khong cao. OpenCV 1a thu vién ma ngudn
mo duge dong goi thanh tap tin nén. Tiy vao hé diéu hanh khac nhau ma tap tin nén
nay c6 dinh dang twong tng. Thu vién OpenCV cung cap cho ngudi dung tir cac cu
trac dit lidu, cac ham cac d6i tugng khai bao nguyén mau (prototype) cuia chung trong
cac tap tin thu vién C/C++ (*.h, *.hpp,...) va dugc dinh nghia chi tiét bai céc tap tin
ma nguén (*.c, *.cpp). Vo1 murc do sir dung OpenCV, cai dat cac tap tin da dugc bién
dich san roi thyc hién cac thao tac cai dat dudng dan cho thich hop dé chuong trinh
tim dén ding vi tri cia cc tap tin thu vién. O muc do cao hon, ta phai bién dich lai
mi ngudn tryc tiép trén may trude khi cai dat néu ta mudn hiéu chinh cip nhat sta
d6i thuat toan hay st dung cac phan mo rong ctia OpenCV.

2.2.3. Cac vrng dung OpenCV

OpenCV dang duoc tng dung rong trong cac (ng dung bao gém:

. Hinh anh street view
. Kiém tra va giam sét tu dong
. Robot va xe hoi tu lai

. Phan tich hinh anh y té
. Tim kiém va phuc hdi hinh anh/video
. Phim - cau trc 3D tir chuyén dong

. Nghé thuat sap dit tuong tac
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2.2.4. Chirc nang OpenCV

. Image/video I/O, xir 1y, hién thi (core, imgproc, highgui)

o Phét hién céc vat thé (objdetect, features2d, nonfree)

o Geometry-based monocular or stereo computer vision (calib3d,
stitching, videostab)

o Computational photography (photo, video, superres)

o Machine learning & clustering (ml, flann)

o CUDA acceleration (gpu).
2.3. Cé&c Phwong phap phat hién chuyén dong (Sir dung cac ki thuit trir

nén trong camera giam sat)

2.3.1. Phdt hién déi twong chuyén dong la gi ?

Phat hién d6i twong chuyén dong [6] thuc ra 14 qua trinh phan tich xir Iy dua
ra nhan biét cac vét doi tuong chuyén dong tir nhiéu khung hinh video. Qua trinh nay
13 qua trinh xtr 1y tap hop cac chudi anh lién tiép trong mot doan video tir d6 ta cd thé

phat hién nhan dang cac dbi tuong chuyén dong trong mot doan khung hinh anh.

Cac Kkhung hinh video

.

Phat hién cac vang anh ndi
(Foreground Detection)

Xiar Iy cac vang anh noi
(Foreground Processing)

Cac doi twong chu}’é"“u dong., cac
tinh chat ciaa chung

Hinh 2: Cac qué trinh phat hién chuyén ddng
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2.3.2. Phdt hi¢n cdc viing dnh noi

Hinh 3: Phat hién ving anh noi

Phat hién phan loai cdc ving anh ndi 13 mot trong nhitng module thiét yéu
trong hé thng phat hién truy vét theo ddi twong chuyén dong qua khung hinh video.
Module nay dong vai trd quan trong phén tich xtr Iy cac khung hinh video dé loc ra
cac vung anh noi 1én trén tach biét v6i phan con lai cia cac khung hinh nén. Phuong
phap trir anh nén (Background Subtraction)

. Phuong phép trir anh nén (Background Subtraction)

L& phuong phap so sanh anh don gian nhat. Background Subtraction 14 phuong
phép dua trén sy sai khac giita hai hodc nhiéu anh va tién hanh so sanh su sai khac nay
v6i mot hodc nhiéu gia tri ngudng cho trude. Trudng hop ma su sai khac nay 16n hon
hozc nho hon gid tri ngudng da cho, thi & day c6 nghia 1a d3 co sy sai khac vé cac gia
tri pixel anh. Ta dua ra két luan c6 dbi tuong chuyén dong.

. Phuong phéap dya trén thong ké( Statistical Methods)

Phuong phap dua trén thong ké cac dic diém riéng cua cac diém anh tir d6 tinh
toan dé phat trién cac thuat toan cé thé khic phuc vuot qua duoc nhiing kho khin
vuéng mic ma phuong phap trir nén chua xir Iy duge d6 1a nhitng kho khin gap phai
khi khung canh ludn bi tac dong thay d6i boi nhiéu yéu to méi trudng.

Nhitng tap hop Cac diém anh ndi sé& dugc phan tich xac dinh bai viéc so sanh
c4c thong tin caa nhiéu diém anh véi cac mo hinh anh nén. Phuong phap dua trén
thng ké nay duoc lya chon &p dung kha phd bién trong nhitng khung canh, khung

hinh ¢6 nhiéu nhiéu, anh sang thay d6i lién tuc boi moi truong va cac yéu t khac.
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Phuong phap théng ké co ban van phai ap dung dua trén ki thuat trir anh nén
song dugc stir dung thém vao d6 nd con dugc thuc hién an khép, va cap nhat dong
thong tin lai cac diém anh thudc anh nén dang duoc xu ly

Phuong phap nay dugc dua ra dua trén sy chénh Iéch tam thoi gitra tap hop
cac khung hinh dya trén su chénh léch tam thoi gitta cac khung hinh Phuong phap
nay phat hién ra nhimg ving thay d6i chuyén dong bang cach sir dung céc thuat toan
so sanh sy khac nhau ¢ muc diém anh giira hai hodc nhiéu khung hinh lién tiép trong
mot chudi cac khung hinh video. Sir dung phuong phép nay 1a khé téi wu tot d6i voi
khung canh c¢6 nhiéu chuyén dong dong nhiéu thay doi song né lai chua dugc chinh
X4c trong viéc phét hién ra cac diém anh c6 lién quan dén mot sé kiéu chuyén dong.

2.3.3. X Iy cdc viing dnh noi

Xt 1y cac ving anh ndi trén thyc té van con nhiéu khé khan do nhiu do d6
can dé phai loc nhiéu, xir Iy ghép nhiéu ving phan manh, phan tich loai bé cac vét
khong lién quan thi can phai ap dung mot sé module xir Iy cac ving anh noi dé dua
ra san pham 13 cac cac ddi tuong chuyén dong rd rang dé tir 46 ta moi xac dinh duoc
tinh chat, dic trung cta chung.

2.3.4. Cac ky thudt trir dnh

Hién nay, c6 nhiéu nghién ciu va ki thuat xir Iy anh, trir anh [6] va c6 thé chia
thanh 5 loai nhu sau:

v" Trix anh dua vao khéi.

v" Trir anh dua vao biéu db.

v' Trir anh dua vao diém anh.

v Trir anh dya vao théng ké.

v" Trlr anh dya vao dac trung
. Triv anh dwa vao khoi

Trur anh dua vao khoi lugng tiép can phan khoi stir dung cac tai nguyén co6 dac

tinh cuc bo nham tach bi¢t tdng tinh doc 1ap voi cac di chuyén clia camera va doi
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tugng. M&i khung hinh duoc chia thanh b khéi. Tap hop cac khdi trén khung hinh f1
dugc dua vao so sanh voi khéi trong Gmg v6i trén khung hinh fo. V& co ban thi do

chénh léch giita nhiéu khung hinh dugc tinh nhu sau:

b
D(fifs) = ) GeDP(fyfu k) )
k-1

Ck 12 hé s6 duge cho truée.
DP (f1, £2, k) d6 chénh léch giita nhiéu khéi tht k ctia nhiéu khung hinh f1 va
f2.

Mot hudng tiép can khac so véi k¥ thuat trir anh phan khoi dugce Shahraray
cho rang chia khung hinh thanh 12 mién va tim nhitng mién tdi uu thich hop nhat cho
mdi mién & khung hinh kia. St dung B¢ chénh 1€ch tinh bﬁng k¥ thuat trir anh dya
vao cac diém anh thoi diém hién tai cta timg mién duoc sap sép. Tl d6 ta tinh tong
c6 trong s6 dugc sip xép cua cac chénh léch cho ta két qua D cudi cing.

o Trur anh dwa vao biéu do

Ta c6 thé ap dung biéu d6 biéu d6 mau hodc muc xam d¢é tinh toan sy sai khac
giita hai khung hinh vi sy phan b mau trén céc frame lién tuc thuong thi khong bi
anh huong nhiéu boi chuyén dong ctia chuyén dong cta d6i tugng va camera.

Biéu d6 mau hay con dugc goi 1a mitc xdm ctia khung hinh I 13 vecto G chiéu
Hi = (Hi(1), Hi(2), (Hi(3), ......c........ , Hi(G).

Trong do:

G 12 s6 mau (mirc xam)

Hi(j) 1a s6 diém anh cta khung hinh i c6 mau (muc xam)j.

Biéu d6 toan cuc hodc biéu dd cuc bo 1a hai phuong phap chinh ctua Phuong
phap trir anh dua trén biéu do.

- Biéu do duoc hién thi biéu dién sy phan b gia tri mau (mirc xam) cua
toan bg khung hinh duogc goi 1a Biéu do toan cuc.

- Biéu d6 chi mo ta lai sw phan bé mau hay mic xam hién thi ctia phan

nao do cua khung hinh 1a Bi€u d6 cuc bo.
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o Trur anh dwa vao diém anh

Phuong phap dé tinh toan sy sai khac giita hai frame bang viéc tinh todn mot
tap hop cac gia tri, n6 mé ta moi lai toan bo thay doi vé cudng d6 diém anh trong cac
anh hién thi trén khung hinh. C6 nhiéu phuong phap duoc ap dung dé tinh su sai khac
nhau nay, Nagasaka va tanaka di tim ra phuong phap tdi wu dé xtr 1y van dé 1a phuong
phap tinh tong toan b nhiing thay doi khac nhau vé cudng do diém anh duoc phan
tich gitra hai khung hinh nhu nhau 1a d6 chénh 1éch khung D(fy, f2).

1 X-1 Y—-1
D) =z ). D IAGN—HEY) @
x=0 y=0
o Triranh dwa vao thong ké

O phuong phap nay ta dya vao phuong phép trir gia tri diém anh. Ta khong di
tinh téng su sai khac cua tat ca cac diém anh, ta dung cac thuat toan chia nho anh
thanh tdp cac mién roi so sanh cac dai lugng thong ké trén cac diém anh ctia cic mién
do.

Trén toan by khung hinh biéu dién hién thi sir dung mot gia tri Ta s dung
thdng keé ty 1¢ s6 tap hop diém anh thay d6i khac nhau

d: dugc tinh gifta hai diém anh twong (mg La ngudng sai khéc.

Goi S la tap cac diém anh c6 do sai khac 16n hon d:
S={&V\I11&y) -f,xy)l>d} 3
Tinh d6 sai khac gitta cac khung hinh duoc tinh bang ty 1é tir cac diém anh

nhan duoc c¢6 do chénh 1éch 16n hon d.

S.count
D = —— 4
(fufo) Y 7 (4)
Céc khac dung dung cac dai lugng thong ké cho timg mién, nhu biéu d6 chang
han. Phuong phap nay con kha nhiéu sai sot trong phat hién canh phim

Diic trung la vector chuyén dong:
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Nguoi ta thudng thiy céc hiéu tng do nhitng chuyén dong ctia cac ddi tuong
trong camera, nhu pan (quét), zoom (zoom in - phdng to, zoom out - thu nho), italic
(nghiéng).

Ddc trung la canh:

Phan loai va phat hién chuyén canh 1a mét tap hop cac sy phat hién sy xut
hién cac canh trong mot khung hinh, ching cach cac canh trong nhiéu khung hinh
trude mot khoang kich thudc nhét dinh. K§ thuat nay phat hién va phan loai cac loai
chuyén canh: chong mo, Cit ctng, fade, wipe.

2.3.5. Mt s6 ky thudt triv nén co bin

. Su khac biét khung (Frame Differencing)

Trong nhiéu phuong phap trir nén thi phuong phap khéc biét khung dugc xem
1a phwong phap don gian nhat. Toc do thuc thi thudt toan nhanh, Chi phi tinh toan
thap.,. Tuy nhién két qua dat duoc khi ta 4p dung chay thuat toan nay 1a twong dbi
thap.

Céc d6i tugng chuyén dong s& dugc phan tich xtr Iy phat hién dya trén sy khéac
biét gitta hai khung anh lién tiép nhau cing véi mot ngudng duoc chon trude la Y
tuong chinh trong phuong phap khac biét khung. Tur d6 viéc stir dung Giai thuat trén
d6i v6i mdi gia tri pixel két qua ta so sanh gia tri tai pixel d6 voi ngudng di duoc
chon dugc thyc hién bang phuong phap trir hai khung lién tiép. Cac tap hop gia tri
nay nam trong mot ngudng cho trudc duoc cho phép thi tai d6 ta xem nhu 13 nén.
Nguoc lai khong phai 13 nén.

. Loc trung binh (Running Average)

Phuong phép trir nén trung binh duoc phat trién cai tién ciia phwong phap trir
nén co ban. Tur nhing cii co ban thay vi giir nguyén gia tri khung hinh nén B(x,y)
trong phép trir nén, phuong phap trir nén trung binh duoc phat trién cai tién bang viéc
cap nhat lién tuc cac gid tri loc tach khung hinh nén nham ting tinh chinh xéc cho
két qua phat hién nhan dién dic trung ctia ddi tuong chuyén dong.

Thuit toan tong quat ddi véi pixel (x,y):

7: Tham s6 ngudng cho trudc
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: Gia tri cap nhat nén cho truéc € [0,1]
Bi(x,y): Gia tri khung nén
li(x,y): Gia tri khung video dén
Gia tri khoi tao md hinh nén va frame video dén: Bo(X,y)= lo(X,y)
Budc 1: Cap nhat gia tri nén Bo(x,y) theo chi s6 frame t:
B.(x,y) = (1 = B)Bi_1(x,y) + Bl (x,y) (5)
Budc 2: Tinh mit na nhi phan phat hién d6i twong chuyén dong D(x,y):

1' Lfllt(x!y)_Bt (x,y)|>1'
D(x,y) = (6)
O' Lf“t(xry)_Bt (x;Y)|ST

D(x,y) = 0 (Ngudng cho trudc 7 la tinh hiéu hai khung hinh nho hon gia tri)
dua ra két luan ¢ day 1a nhimg pixel ctia nén, nguoc lai.

D(x,y) = 1 (Nguong t cho trudc tinh hi¢u hai khung hinh 16n hon) nhén xét
dua ra két luan day 1a nhiing pixel ctia d6i tugng di chuyén. Tap hop céc pixel ndy ta
s& tinh duoc hinh anh cua ddi tugng chuyén dong

Panh gia:

- CAc gid tri duoc cap nhat lién tuc nhirng gia nén théng qua viéc sir dung
tham sé 8 da 1am cho thuat toan ting cudng d6 chinh xac hon cho viéc phét hién dbi
tugng chuyén dong sau do ta so voi thuat toan trir nén co ban.

- Cai dat giai thuat don gian giam thiéu thoi gian chay, do phuc tap tinh
toan don gian, ting toc do xir Iy nhanh.

Nhuoe diém:

Phuong phép ndy con nhiéu han ché chua giai quyét duoc:

- Khong thé phat hién duoc su thay dbi 16n trong mot ving anh nho va
nguoc lai, camera thu 4nh c6 con bi nhiéu.

- Két qua phat hién chua that chinh xac dbi v6i nhitng trudng hop ddi
tugng trong doan video khong di chuyén.

- Ciing nhu chwa khic phyc duge nhiing han ché ctia phuong phap trir

nén co ban.
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2.3.6. Ky thudt trir nén ning cao

M@ hinh Gauss hén hop (M6 hinh GMM))

Stauffer and Grimson (1999) da dua ra phuong phép tron cdc mé hinh nén lai
dé giai quyét van dé anh sang thay doi, sy 16n xon tir khung canh thuc té cac hanh
dong lap lai. Ching minh mot mé hinh nén don thi khong thé xir 1y dugc cac khung
hinh lién tuc trong mot thoi gian dai.

Str dung phuong phép pha tron phan tan Gauss ta c6 thé dung dé biéu dién mdi
diém anh trén mot mé hinh.

Theo luan diém trén, thuc hién va tich hop str dung phuong phép nay vao trong
hé théng giam sat. Trong mo hinh ndy, ta coi cac gia tri ciia diém anh theo thoi gian
xem nhu 1a mot tién trinh diém. Tién trinh diém 1a mot tap hop chudi gia tri diém theo
thoi gian, nghia 14 gia tri cip xam hodc 1a véc to d6i véi anh mau.

Tai thoi diém t, tai diém (x0,y0) thi {X1,...,Xt} = {I(x0,y0,i), 1<i<t} 1a mot
tién trinh diém. Pay 1a mdt trong nhitng yéu t6 hudng din cach lya chon mé hinh va
cac thu tuc cap nhat. Day {XI,...,Xt} dugc m6 hinh hoa boi K phan bd Gauss. Tan

suét thuc hién quan sat cua diém anh hién tai dugc tinh boi cong thirc:

k
POX) = ) iy 1Kot Ta) ™

Trong do:
i, t 13 trong sb twong tng v6i Gauss thu i tai thoi diém t;
ul, t 13 gid tri tinh trung binh cac Gauss thu i tai thoi diém t;
i, t 1a tip ma tran hiép phuong sai ctia phan bo Gauss thir i tai thoi gian t;

1 1a ham mat do xac suat duoc xac dinh bai cong thrc:

nXt,u2) = ! e‘%(Xt—Ht)TZ_l (Xe—ut) (8)
(2n"2|%]2)

K phu thude vao b nh¢ va kha ndng xir 1y cua may tinh
Ma tran hiép phuong sai dugc gia thiét c6 dang sau:
Yo = ol ©)

I: Ia ma tran don vi.
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R, G, B gia tri cia cac diém anh 1a cac thanh phan duoc cho 1a doc 1ap va c6
cing mot phuong sai. Thu tuc phat hién cac diém tién canh:

Ta phan phéi K-Gauss cho mot diém anh duoc khoi tao v6i cac gia tri trung
binh, véi gia tri trong s6 thap nhu cac cong thirc & trén.

Khi ¢6 mot diém anh méi trong chudi khung hinh dugc quan sat, dé xac dinh
kiéu cta no,

Vector RGB dugc so sanh kiém tra lai so véi K-Gauss cho dén khi tim ra duoc
truong hop diang.

Gi4 tri diém anh trong vong 2.5 do I¢ch chuan ctia mot phan phéi duoc xac
dinh khi gi4 tri tim dugc phu hop.

Tiép theo, xét K phan phdi tai thoi diém

t: o1,t dugce cap nhat theo cong thurc:

Wt = (I =Wy + aMy, (10)

o la tilé hoc, My -, v6i phan phéi Gauss va M K.t=0 d6i v6i cac phan phdi khac.

Tiép theo sau khi budc trén két thuc, cac trong sé phan phdi duoc chuin hoa
va cac tham s6 nham xac dinh chinh xac hoa Gauss s& dugc cap nhat véi cac quan sat
tiép theo:

pe = (1 = ppe_q1 + pX, (11)
of = (1 —p)ofy +pXe — pe)" (Xe — 1) (12)
Trong do:
p = an(Xt, ut, ok)

Truong hop khong dung thi phan phdi Gauss véi nhitng két qua co xac suét
thap nhat s& duoc thay thé bdi xac suat phan phdi méi véi gia tri khac 1a gid tri diém
anh méi duoc thém vao.

Bai toan phat hién ra loai diém anh (tién canh hay nén), phan phdi K-Gauss

dugc sap xép bai gia tri w/p.
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Danh sach nay cé4c tap hop diém anh thudc anh nén s& twong ing véi xac suat
phan phdi thudc trong s6 16n va it bién doi. B s& duoc phan phdi nhu 1d moét mé hinh

xé4c dinh anh nén theo cong thuc:

b b
B = argmin,, {Z Wi ¢ z w;, > T} (13)
i=1 i=1

T: Gié trj nhé nhét duoc tim trong mo hinh anh nén
2.4. Phuwong phap theo vét ddi twong

2.4.1. Theo vét doi twong

Theo vét dbi twong [7] 1a cac qua trinh chinh xac héa ddi twong trong cac
khung hinh lién tiép dé tir d6 ta dua ra cac thong tin vé chuyén dong cia doi tuong
nhu loai xe, dudng di, toc do va hudng chuyén dong.

Theo vét d6i twong bao gom hai giai doan:

- C0 lap nhitng dbi twong ra khoi nén trong ting frame

- St lién két ctia cac dbi tugng trong cac frame ké tiép dé theo vét.

Muc tiéu ciia phuong phap theo vét ddi tuong 1a tim ra d6i tugng chuyén dong
da duoc phat hién trong giai doan nhu hinh 4, ta c6 thé phat hién d6i twong chuyén
dong tir khung hinh thir nhat sang khung hinh thir hai trong mét day tap hop cac khung
hinh.
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Vét va dac trung cla

daéi tugng
Chinh xac héa doi X ly nhap nhang
twong (Occlution Handling)

Dy doan chuyén dong
cla doi tuwong

Phat hién déi twong
roi khéi canh

Puong dicla déi
tugng

Hinh 4: Quy trinh theo vét déi tweng
Phan quan trong nhét trong hé thdng 1a theo vét déi twong chuyén dong. Két
qua phéat hién ddi twong chuyén dong s& anh huaong truc tiép dén toe do xir Iy va do
chinh xac cua toan hé thong. Néu két qua phat hién d6i twong chinh xéc, hé thong sé

Xt Iy nhanh va dat dugc d6 chinh xac cao va nguoc lai.

2.4.2. Quy trinh theo vét déi twong

Viéc tng dung hé théng theo vét trong hé théng camera giam sat théng minh
con gip nhiéu kho khin do mét s nguyén nhan sau day:

- Tbc do xir 1y dit lidu dudng truyén, xir 1y trong thoi gian thuc.

- Cach tiép can theo vét doi tuong dua dya vao nhu mau sic cua d6i
tugng. Cach tiép can nay sir dung mé hinh Kalman da duoc phat trién trong giao tiép
giam sat bang may tinh.

- Truy vét doi twong dya vao cac duong bao dong (Active Contour): Cach
tiép can ta dua trén bién bao gdm tim ra cac dudng bién bao dic trung cua mot ddi
tuong va lién tuc cdp nhap tu dong lai cac thudc tinh cia doi tuong do.

- Anh nén 16n xon: Do ¢6 sy ¢6 mit cta nhiéu dbi tuong khac, su chuyén

dong hon loan trong khung hinh.
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- Cuong d6 chiéu sang thay d6i: Thay doi hudng va cuong do chiéu sang

- Thay d6i diém nhin: Thay dbi vi tri cua dbi twong.

Néu ddi tugng chi c6 mot vai ddc trung thi giac, nhu mau sic. ... diung dé biéu
dién thi viéc xac dinh tit ca cac diém anh cling mau véi déi tuong kha dé dang. Nhung
trén thuc té, con phu thudc vao nhiéu yéu té khac nhu ddi twong phét hién, sé luong
va theo vét nhu nao. Péi tuong trong video hau hét déu chuyén dong, khi xuét hién
nhiéu di twong vao cuing mot ving giam sat viéc theo vét rat kho trong viéc xac dinh
vét ndo cua doi twong nao nhu: cudng d6 chiéu sang tdi khac nhau, goc quay s& 1am
cho viéc phat hién, nhan dang va theo dbi s& gap rat nhiéu kho khan.

Trong mot ddi twong c6 rat nhiéu dic trung: dic trung vé cdu truc, dic trung
vé mé hinh, dic trung vé mau sac. Do cac dbi tuong c6 nhidu dic trung Vi vay ciing
c6 rat nhiéu phuong phap theo vét dbi tuong khac nhau nhu: theo vét dbi twong theo
huéng hinh hoc, theo dic trung ctia dbi trong. Dé giai quyét van dé tong quat lai ta
c6 thé chia thanh bbn cach tiép can chinh nhu:

Theo vét dua trén mé hinh: Hé thdng dwa vao mé hinh hoc cau tric 2D hay
3D cua d6i tugng. Bé khiac phuc nhitng nhuoc diém trong md hinh 3D thi Cac mo
hinh 2D duoc gidi thiéu. Viéc tim ra dudng di cia cac md hinh yéu cau do chinh xéc
cao ma ddi twong theo ddi 14 it mé hinh nay dugc ap dung hiéu qua.

Theo vét duya trén tén mién: Y tuong la nhan dang nhitng mién lién két véi
nhau trong anh, khéi ma c6 lién két véi muc tiéu duoc theo ddi. Uu diém cua cach
tiép can nay la: Cac tham sé cuia thuat toan ciing c6 y nghia vat ly, dé dang khai niém
hoa. Khai tao kha d& dang, chi can ¢ vj tri va kich thudc cua cira s6 can dugc dinh
nghia.

Theo vét ddi tuong dua vao dudng bao dong (Active Contour): Céch tiép can
dwa trén bién bao gom tim dudng bién bao cia mot ddi tuong va lién tuc cap nhap tu
dong ddi twong d6. Noi khop nhét s& 1a dudng bién hién tai, md hinh s& cap nhat
duong bién hién tai dé phan anh hinh dang cua dbi twrong trong frame hién tai. Qué
trinh nay sé duoc lap di 14p lai voi md hinh duong bién dugc cap nhat. Uu diém cua

céch tiép can nay la vai tinh hudng ddi tuegng bi che khuat mot phan ¢ kha ning xur
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ly hiéu qua. Tuy nhién van dé can quan tam caa mé hinh 12 n6 yéu cau sy khoi tao
chinh xac va xir Iy nhu nao véi trudng hop nhap nhang.

Céch tiép can nay str dung mé hinh Kalman da duoc phat trién trong giao tiép
giam sat bang may tinh. Chon cac dic trung cta dbi tuong va theo vét dua trén nhiing
dac trung do, vi du ta theo vét béng viéc theo do1 mot nhoém tap hop diém trén mot
gdc nao do6 cua d6i tuong, trong cac frame ta tim ddi trong bang cach tim tap hop cac
diém d6 sao cho giéng nhat. Uu diém ctia phuwong phap nay 1a ¢ thé giai quyét dugc
su che khuét cua ddi tuong, khi mot sb dac trung cua ddi tuong van con thi ta van ¢
thé tién hanh theo vét dugc. Tuy nhién chinh vi viéc theo vét dua trén dic trung cua
d6i tuong nén yéu cau nhitng dic trung nay 13 duy nhét cho dbi trong can theo doi,
khong dugc pho bién, 1an voi cac ddi tugng khac. Viée chon cac dic trung nay kho
va ton nhiéu thoi gian.

2.4.3. Cdac Phwong phap dwa trén Deep Learning

Mot sb k¥ thuat phat hién va nhan dang doi tuong dya trén mang CNN phé
bién trén thé giéi nhu: R-CNN(Region-Convolutional Neural Network)[16], Fast R-
CNN[17], Faster R-CNN[18], SSD (Single Shot Multibox Detector)[19] ...

o R-CNN

Cac nghién cau vé cac ky thuat hoc sau cac ky thuat phan loai dya trén
HOG[19] ta thu dugc nhiéu két qua rd rang dan duogc cai tién thay thé bang mot ky
thuat hoc sdu nhu CNN d3 cho két qua chinh xac hon. Tuy nhién, c6 mot van dé 1a
CNN qua cham va tinh toan rat ton kém. Khdng thé chay CNN trén nhiéu cira s6 duoc
tao boi thuat toan ctra so truot (sliding window detector). R-CNN[17] da giai quyét
van dé ndy bang cach chay mot thuat toan duoc goi 1a Selective Search dé giam sé
hop gidi han (bounding box) duwgc dua vao bo phan loai. Selective Search la st dung
c4c dau hiéu duoc bd cyc nhu cudng do, két cau, mau sic ... dé tao ra cac vi tri co thé
chia d6i twong. CNN duoc dya trén cac phan loai ma ching ta c6 thé cung cip cac
hop gidi han.

Hay nhé rang, 16p két nbi day du (Fully connected layer) caa CNN c6 mot dau

vao kich thudc ¢6 dinh vi vay ching ta thay doi kich ¢& cua tat ca cac hop gigi han
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vé mot kich thudc ¢b dinh va ciing cdp cho CNN. Do d6 R-CNNJ[17] thuong c6 3
phan quan trong.

- Chay Selective Search dé tim kiém cac hop cac di twong co thé xuat hién

- Pua cac hop d6 vao CNN, sau d6 1a SVM[17] dé du doan 16p cua tirng hop

- Ti wu hoa cac hop bang cach huan luyén

Linear Regression for bounding box offsets

|Bbox reg | SVMs | Classify regions with
Bbox reg ”m SVMs

[ Bboxreg | [ svvs | N
P ConvN Forward each
ConvN ot region through
et ConvNet

E Warped image regions

Regions of Interest
(Rol) from a proposal
method (~2k)

Girshick et al, “Rich feature hierarchies for accurate object detection and

|npUt image semantic segmentation”, CVPR 2014.

Hinh 5: M6 hinh R-CNN

o Fast R-CNN

Tuy R-CNN[16] d4 dat dugc nhiéu tién bo nhung né van con rat cham. Boi vi
n6 phai chay CNN véi 2000 khu vuc dugce dé xuét bai Selective Search dan dén mat
rat nhidu thoi gian. SPP-net[20] (Spatial Pyramid Pooling Network) di ¢6 ging t6i
uu no. V&i SPP-net cac tinh toan déc trung trén CNN chi thyc hién mot lan va co thé

st dung dé tinh toan cac dic trung cho mdi khu vue duge tao bai Selective Search.
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feature mip

T e Ourput&- beX
sy softmax regressor
I°[ ConvNet
Fol o

\[=~ pooling

I e " Rol layer Fs

W=k arojectioni
1l Cov X Rol feature

VGCtOr For each Rol

Hinh 6: M6 hinh SPP-net

Fast R-CNN[23] st dung ¥ tuong cua SPP-net, R-CNN va sta mot van dé

chinh trong SPP-net nhu: Fast R-CNN ¢6 thé thyc hién

Mot diéu nira 1a ho da thém tinh toan hoi quy dé tim hop

tir dau dén cudi (end-to-end).

gidi han vao viéc huan luyén.

Vi vay mang c6 hai dau ra mot dau phan loai dau ra va mot dau dy doan hop gidi han.

Muc tiéu nay 1a tinh nang ndi bat caa Fast R-CNN[17] vi né khdng con yéu cau huan

luyén mang doc lap dé tim vi tri va phan loai d6i tuong. So véi SPP-net hai thay doi

nay da toi uu va lam giam bét thoi gian huan luyén téng thé va ting d6 chinh xac.

Proposal . .
clfsi?éjr o m Bouncing box
— Teressors

TR .
Y & & 4 Rol pooling

External proposal == i

algorithm -
&g, selective search

~

Convhlet
(applied to entire

Hinh 7: M6 hinh mang Fast

Multi-task loss

= Trainable

R-CNN
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) Faster R-CNN

Faster R-CNN[18] 1a mét phién ban cai tién cua Fast R-CNN[17]. Mang dé
xuit khu vuc dé& xuit ra cac ving quan tdm trén anh duoc goi 1a Region Proposal
network-RPN

Selective search bang mot mang CNN nho N6 thay thé phan cham nhét cua
Fast R-CNN.

classifier

2k scores I 4k coordinates ‘ 4 k anchor boxe
Rol pooling :

s layer ‘ ’ reg layer
proposals
.
Region Proposal Network |:|

' intermediate layer
.

conv layers , sliding window:
A conv feature map

Hinh 8: M6 hinh mang Faster R-CNN

Pé xir Iy van dé cac d6i tuong co cac ti 1é khac nhau, Faster R-CNN da
gidi thiéu ¥ twong vé céc hop neo (anchor box). Tai mdi vi tri s& sir dung 3 hop neo
c6 cac kich thude 128x128, 256x256, 512x512. Tuong tu véi ti 1€ 1:1, 2:1 va 1:2. Vi
vay, tong cong tai mdi vi tri, ching ta c6 9 hop ma RPN s& du doan xé4c suat xuat hién
ctia n6 1a nén hay d6i twong. Ching ta &p dung hoi quy cho hop gidi han dé cai thién
do chinh xac cua cac hop neo & mdi vi tri. Vi vay, RPN dua ra cac hop gigi han c6
kich thudc khac nhau véi xac suat twong tng mdi 16p. Phan con lai tuong tu nhu Fast
R-CNN. Nhiing thay d6i trén gitp cho Faster R-CNN nhanh gap 10 lan so véi Fast
R-CNN Vi d6 chinh xac tuong tu trén tap dit liéu nhu VOC-2007[120]. D6 13 Iy do
tai sao Faster R-CNN la mét trong nhirng thuat toan phat hién dbi twong chinh xac

nhat. Dué6i day 1 so sanh giira cac phién ban R-CNN
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Bang 1: So sdnh cac md hinh dya trén R-CNN

R-CNN Fast R-CNN Faster R-CNN
Thoi gian xtr ly 1
anh 50 giay 2 giay 0.2 giay
Toc do ting 1x 25x 250x

Cac phuong phap duoc dé cap o trén xu ly viéc phat hién ddi twong bang cach
tao ra cac dé xuat khu vuc sau d6 cac dé xuat dé sé duoc chuyén qua mot bo phan
loai dé xac dinh d6i twong. Tuy nhién, c6 mot sé phuong phap khac coi viéc phét hién

d6i twong nhu mot bai toan hoi quy SSD[19] 1a phuong phép phd bién nhét.
o Single Shot Detector (SSD)

Extra Feature Layers

VGG-16 ( . \

o= _th_rgugh_ ConV5.-§ I_axe\r Classifier : Conv: 3x3x(4x(Classes+4)) o

I\
[N \ Classifier : Conv: 3x3x(6x(Classes+4)) g
I 3 0
1N i v
A S A\ g
300 | : : 2
| N
a | ' 3 l 19 19 o
(1)) | | N
7] Image : | | LY
| | Convd 3 | | Conve Conv? Conv: 3x3x(4x(Classes+4)) | @
| | | ®co) (FCT) =
) : | | ‘ 2
o " | 9
\\ | : 19 19 K Convt1_2 °

|

AN , = Q
N 512 1024 1024 26 [ 256 | L

1120 .| e L2
Conv: 3x3x1024 Conv: 1x1x1024 Conv: 1x1x256  Conv: 1x1x128  Conv: 1x1x128  Conv: 1x1x128
Conv: 3x3x512-s2 Conv: 3x3x256-s2 Conv: 3x3x256-s1 Conv: 3x3x256-51

Hinh 9: M6 hinh mang SSD
SSD[19] dat dugc su can bang tét gitta tbe d6 va do chinh xéac. SSD chi chay
trén mot mang CNN trén hinh anh dau vao mét 1an va tinh toan mot ban do cac dic
trung. SSD cling st dung cac hop neo ¢ cac ty I¢ khung hinh khac nhau tuong tu nhu
Faster R-CNN[18]. Bé xt ly ty Ié.

SSD du doan cac hop gidi han sau nhiéu 1an co dan.
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Dé du doan cac hop gidi han va xac suat phan loai ching ta chay mét filter co
kich thudc nho 3x3 trén toan bo ban dd dic trung. Vi mdi 16p convolutional hoat
dong & mot mae do khac nhau, n6 c6 thé phat hién cac dbi twong & cac ty 1é khac
nhau.

Nhiéu phuwong phap danh gia ta c6 rat nhiéu phuong phap dé phat hién phuwong
tién giao thong. Nhung do tdc do di chuyén cua cac phuong tién giao thong thudng
cao nén can mot phuong phap co6 toc do chinh xac va xir Iy nhanh  tét trong diéu kién
anh sang t6t. Qua nhung phan tich trén c6 thé nhan thay mé hinh

SSD la mt trong nhitng mé hinh ¢é hiéu qua tét Boi véi cac vat thé 16n, SSD
c6 thé vuot troi hon Faster R-CNN va R-FCN vé do chinh xéac véi bo giai nén nhe
hon va nhanh hon.str dung mé hinh SSD cén bang giita toc do xtr Iy va do chinh xéc,
khi dugc 4p dung vao cac hé théng phat hién phuong tién giao thong phuc vu gidm
sat va diéu chinh céc hé théng quan ly giao thong hién tai.

2.4.4. Cdc phwong phdp truy vét nhiéu vit thé trong video

» loUTracker [21]

bay 1a mot phuong phép truy vét c6 nguyén 1y don gian va dat duoc toc do xur
Iy rat cao. IToUTracker mé rong chudi truy vét cia mot vat thé bat ky bang cach tinh
murc do trung khdp cua vi tri xuét hién cubi cung cua vat do vdi toan bd cac vat thé
duoc phat hién tai frame hién tai. Vat co6 muc do chéng khép 1on nhét va lén hon mot
ngudng do tin tuong s& duoc st dung nhu vi tri ké tiép cho chudi truy vét nay. Vi tri

ctia cac vat thé tai mdi frame duoc bicu dién bdi cac hop gidi han hinh chir nhat.
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Hinh 10:Nguyén Ly Hoat Pong ciia IoUTracker
Mot chudi truy vét khong duoc ndi véi bat ky vat thé o frame hién tai(cac gia
tri chong khép déu nhod hon ngudng tin ciy) sé dugce xem nhu vat thé tuong tng chudi
nay da roi khoi khung hinh. Mot vat & frame hién tai khéng duoc ndi véi bat ky chudi
nao trude d6 s& dugc xem nhu mot vat vira di vao khung hinh. C6 nhan xét ring
loUTracker chi c6 3 trong sé 5 budc chinh cua thuat toan truy vét: phét hién, tinh d6

lien quan (¢ day 1a IOU) va truy vét.
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> SORT [22]

Phan nay sé& trinh bay vé SORT, mét phuong phap ciing thudc nhom
Separated Detection and Tracking. So vai loUTracker, SORT c6 thém 1 trong s6
cac budc chinh cua bai toan truy vét 1a du doan chuyén dong. CAc vat thé da xuit
hién trong cac frame trude d6 duoc dy doan vi tri méi & frame hién tai. CAc vat thé
vira maéi duoc phat hién dugc so sanh vaéi vi tri du doan mai nay thay vi la vi tri
xuét hién cudi cung nhu trong loUTracker. M6 hinh du doan chuyén dong duoc su
dung la Kalman Filter

Vén dé cua SORT (va loUTracker) la chi sir dung thong tin IoU dé lién két
cac chudi véi vat thé moi. Hudng thuc hién nay chi c6 thé hoat dong hiéu qua khi
video c6 do phan giai tét, loU cua cac hop gigi han thudc ciing mot déi twong 16n.
Céc giai phap nhu SORT va IoUTracker sé kém hiéu qua khi xay ra tinh trang vat bi
chuéng ngai vat che khut hoac nhiéu vat c6 quy dao twong dong..

> DEEPSORT

Pé giai quyét cac van dé con ton tai cia SORT, tAc gia cua bai béo
DEEPSORT[23] d4 st dung thém cac dic trung vé khong gian va dic trung truc quan
dé phan biét cac dbi twong. Ngoai ra, mot chién luoc lién két theo tang (Matching
Cascade) va mot cach quan ly méi cho vong doi cia chudi truy vét duoc xay dung
nham nang cao d6 chinh xéc lién két.

Cai tién tha nhat cha DEEPSORT 14 sir dung thém céac d6 do khac ngoai loU
dé lién két cac d6i tugng. Cac 6 do mai ndy bao gém khoang cach Mahalanobis giira
chudi truy vét va vat thé méi phat hién trong khdng gian véc-to, va khoang cach
Cosine gitra 2 véc-to dac trung truc quan tuong ung 2 hop gigi han. Cac dac trung
tryc quan nay duoc trich xuat thdng qua mang hoc sau, cu thé 1a Wide Residual
Net[24] trong bai béo gdc cua tac gia.

Cai tién thu 2 cia DEEPSORT la thay dbi cach quan 1y vong doi chudi truy
vét. Thay vi loai ngay mot chudi truy vét khi né khong duoc két ndi, tac gia cua
DEEPSORT dé xuét gan cho mdi chudi 1 trong 3 loai trang thai(tentative, confirmed,
deleted):
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[’—’ Deleted

- Unconfirmed T
Unmatched ~ Unmatched > max_age
Tracks Tracks
. Confirmed
) . < max_age
. Matching [o]V] Unmatched
Detections Unmatched 4>{ - -
Cascade Detections Match Detections
Matched Matched
Confirmed Tracks Tracks

Tracks Kalman Filter ‘
Predict New
Unconfirmed

Tracks

Kalman Filter |
Update |

Hinh 11:So' P6 Phwrong Phap DEEPSORT

Cai tién th 3 cia DEEPSORT nam ¢ chién lugc lién két theo ting. Nhu da
trinh bay ¢ trén, 1 chudi da dugc xac nhan s& khéng bi x6a trong t2 frame. Tuy nhién,
khi lién két cac chudi nay véi két qua cia md hinh phat hién vat thé trong frame hién
tai, c4c chudi bj mat dau cang tré s& cang duoc vu tién lién két trudc.

Ludng xt 1i cua Deep SORT (Hinh 12) duoc thuc hién tuan ty qua cac budc
dudi day :

Budc 1: St dung Faster Region CNN (véi backbone 1a VGG16) dé phat hién
cac dbi twong trong khung hinh hién tai.

Bué6c 2: Deep SORT st dung Kalman Filter dé du doan cac trang théi track
maoi dua trén céc track trong quéa khur. Cac trang thai nay 1Gc maéi khoi tao sé€ dugc
gan 1 gia tri mang tinh tham do (tentative). Gia tri nay néu van dam bao duy tri duoc
trong 3 frame tiép theo, trang thai s& chuyén tir tham do sang xac nhan (confirmed),
va s& ¢6 gang duoc duy tri theo di trong 30 frame tiép theo. Nguoc lai, néu mat dau
khi chua du 3 frame, trang thai sé bi xda khoi trinh theo ddi.

Budc 3: Str dung nhitng track da duoc xac nhan, tién hanh dwa vao chién luoc
d6i sanh phan tang (matching cascade) nham lién két vgi cac detection phat hién dugc

dwa trén do do vé khoang cach va dic trung.
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Budc 4: Cac track va cac detection chua duoc lién két s& duoc dua dén 1 16p
loc tiép theo. Str dung giai thuat Hungary giai bai toan phan cong véi ma tran st dung
IOU dé lién két lan 2

Budc 5: X li, phan loai cac detection va cac track

Budc 6: Str dung Kalman filter dé hiéu chinh lai gia tri cua track tir nhiing
detection da duoc lién két véi track va khai tao céac track mai.

» CenterTrack

Day 1a phuong phap thudc nhom Joint Detection and Tracking dugc tim hiéu
dau tién trong pham vi khoa luan. CenterTrack[24] thuc hién mot s6 thay doi 1én md

hinh CenterNet[25] dé c6 thé ung dung truc tiép cho bai toan truy vét da déi tuong.

513

Image IV Image I®*=1) Tracks T(*~ L) Detections Y*)  Size §(*) Offset O*)

Hinh 13:So d6 phuong phap CenterTrack[24]

Puoc xay dung dua trén CenterNet, CenterTrack dung thém anh va ban do
nhiét tir 1 frame lién truée dé bd sung thong tin cho frame hién tai. Hai thanh phan
nay clng véi frame hién tai sé tao thanh dau vao cho mang. Lap luan cho cach 1am
nay, bai bao cho riang enterNet tap trung phét hién vat thé trong 1 anh duy nhat. Néu
mot vat thé bi che khuat va khéng thé nhin thiy ¢ frame hién tai, CenterNet s& khéng
thé phat hién duoc. Bang cach dung frame phia truéc nhu dau vao bd sung,
CenterTrack hudng dén viéc phat hién duoc cc vat nhin thiy duoc tir qua khir nhung
bi khuat & hién tai. Pau ra caa mang ngoai trir Y va S nhu phién ban gbc s& c6 thém
moét ma tran D € RWRxHRx2 piéu dién véc-to do Iéch cua tam vat thé so voi gia tri tir
frame phia truéc

Chién luoc lién két cua CenterTrack c6 thé miéu ta nhu sau. Mdi vat thé vira
dugc phét hién p véi do leéch tam dp sé dugc ndi véi vat thé c6 khoang cach gan nhat
v6i p—dp néu khoang cach nay nho hon ngudng k. Néu vat p khong ndi duoc vai vat

nao tir frame trudc, mot chudi truy vét méi ¢ vi tri caa p s& duoc tao ra.
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Chuwong 3: PHAN TiCH THIET KE HE THONG

Trong chuwong nay ludn vin sé trinh bay phét hién truy vét va do téc do phuong
tién giao thong.
3.1. Heé thong phat hién chuyén dong, theo vét phwong tién giao thong va

tinh toc d9 phwong tién

o Téng quan hé thong

Tir céc phan tich téng quan va cac 1y thuyét lién quan & trén, luan van dé xuat
hé thong phat hién chuyén dong, theo vét phuong tién giao thong va tinh toc do

phuong tién gdm cac budce nhu hinh 13:

Hinh 14: M6 hinh hé théng phat h’ién chuyén dong, theo vét phwong tién giao
théng va tinh toc d9 phwong tién

Phat hién phuong tién giao thong la mot hé thong phire tap va kho khi can xéac
dinh duoc toa d6 dinh vi tri va phan loai nhan biét cac phuong tién giao thong. Xay
dung hé thdng phét hién phuong tién giao thong, theo vét va do téc do phuong tién
bao gom ba budc xt ly chinh:

Buréc 1: Thu nhan dir liéu dau vao 1a cac video hinh anh tir cac hé thdng camera
giao thdng va phan tich thuc hién tién xu ly dix liéu dau vao.

Buéc 2: St dung mot mé hinh phat hién (SSD), nhan dang phuong tién da
duoc huan luyén dé phét hién va tra vé két qua bao gdom hop gisi han va déi tuong
xuat hién trong cac hop giéi han do.

Buréc 3: Thuc hién hau xir Iy cac video dé loai bo céc hop chdng chéo, sir dung
phuong phap DEEPSORT theo ddi truy vét cac phuong tién va do téc do phuong

tién...
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Buréc 4: Luu trix hinh anh cac xe tdc dd vuot qua gi61 han.

Phat hién phuong tién giao théng c6 thé duoc ap dung vao cac hé thong dém
sO lugng phuong tién tham gia giao thong nham giam sat tinh trang giao thong tai cac
giao cit, ngd tu tranh un tic giao thong va cac hé thong xu phat khi cac phuong tién
di sai lan trén cac tuyén duong dugc phan lan riéng cho ting loai phuong tién.

o Cdc diéu kién rang buéc

Dé thir nghiém dat duoc két qua phat hién chinh xéac cao cac hé théng camera
can dugc bd tri tai cac vi tri phi hop nhu giita cac 1an xe dé ¢ goc nhin rong toan
canh truc quan tranh céc truong hop bi che khuat bai cac ngoai vat, cac vi tri c6 anh
sang tbi uu.

Heé thong xtr 1y can duge hd trg cac may tinh xir Iy ¢6 nhiéu CPU hodc GPU
gitip cho viéc phat hién tinh toan toc do cac phuong tién nhanh, it sai s6 va chinh xéac
dam bao thoi gian thyec.

o Phdt trién H¢ Théng Do Téc Py Phwong Tién Giao Thong

Hé Théng do tdc do phuong tién tham gia giao thdng véi muc dich 13 phan
tich xtr Iy nhanh nhan dién va tinh toan duoc toc d6 phuong tién hé théng do téc do
phuong tién tham gia giao thong co6 2 thach thirc 16n:

- Kha nang hoat dong tu dong, noi cach khac 1a chi can lép dat, hé théng
s€ ty dong can chinh camera sao cho tinh toan dugc tdc do phuong tién mot cach
chinh x4c boi néu véi mdi camera déu phai cung cap hodc do dac cac tham sd tha
cong thi sé rat tén chi phi ca vé nhan lyuc va vat luc;

- Kha nang hoat dong & cac goc nhin khac nhau dé tan dung duogc ti da
cac may quay giam sat da duoc lap dat.

V& cac bude xir Iy, Hé théng do tdc d6 phuong tién tham gia giao thong nhin
chung s& c6 cac bude xir Iy gdm dau tién 1a xac dinh phuong tién, sau d6 sir dung cac
k¥ thuat dé tim kiém doan dudng di chuyén cia phuong tién, cudi cung toc do sé
duogc tinh bing khoang cach di chuyén chia cho thdi gian. Vé van dé thoi gian ta c6

thé dé dang tinh todn duoc khi ndo dau vao ciia hé thong la céc video.
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Tuy nhién viéc tinh toan khoang cach doan duong di chuyén lai 14 mot van dé
kho khin do khoang cach trong video 2 chiéu va khoang cach trong khong gian thuc
3 chiéu 1a khac nhau vi vay can phai c6 mot bude can chinh dé khép toa do cua
camera giam sat, toa d0 thuc va toa do trén anh.

3.2. Phwong phip phat hién chuyén dong, theo vét phwong tién giao
thdng va tinh téc d6 phwong tién

- Phwong phdp xdc dinh doi twong déi tuwong va theo vét doi twong

Thuat toan SSD la mot thuat toan kha phurc tap, co nhiéu tang va cac giai doan
xtr Iy khac nhau. Sau khi tim hiéu va phan tich thuat toan, t6i tién hanh thuc hién xay
dung mo hinh nhan dién phuong tién giao thong.

B6 SSD (SINGLE SHOT DETECTOR) dya vao sy twong (ng cua mdi ddi
tuong tir khung hinh nay sang khung hinh khac dé xac dinh vj tri cia déi tugng tuong
trong khung hinh tiép theo

Véi muc dich xay dung mé hinh nhan dién phuong tién giao thdng nham muc
dich 1am nén tang cho viéc xay dyung tng dung. M6 hinh yéu cau cac dic tinh sau:

o Nhan dién dugc cac phuong tién giao thong qua hinh anh, video.

. Nhan dién dugc cac phuong tién ¢ trong thoi gian thuc.

M0 hinh dam bao téc d6 xir Iy nhan dién nhanh, 6n dinh va dat d6 chinh xac
80%

Tir nhirg phuong phap theo vét dbi twong duoc trinh bay & muc 2.4.4 chuong
trinh 4p dung phuong phap DEEPSORT dé theo vét doi tugng

Vi nhitng yéu cau chung tir md hinh, mé hinh nhan dién cac phuong tién giao
thdng bang thuat toan Single Shot Multibox Detector (SSD) va str dung phuong phap
DEEPSORT dé theo vét d6i twong phai dam bao cac tinh ning sau:

o Xt Iy duge hinh dau vao.
° Hién thi duoc dic trung cac phuong tién nhan dién duoc

o Theo vét nhan dién theo tirng khung hinh
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Véi nhirng yéu cau caa hé thong da dé ra, tién hanh dua ra cic phuong an xir
1y nhu sau:

. Chuan bj b dir liéu dé nhan dang ddi tuong.

o Xay dung qua trinh tién xtr Iy anh dau vao.
. Do tim viung chira cac d6i tuong.

° Nhan dién céc ddi tuong.

. Truy vét ddi tuong.

. Két qua.

- Phwong phdp luéng quang xdc dinh vin téc (optical flow)

Optical flow hay con goi 1 ludng quang luong 13 mot ky thuat trong thi giac
may tinh

Phuong phap optical flow dugc van dung thuc hién bang cach sir dung cac tap
hop vector ¢6 huéng cua cac ddi tugng chuyén dong theo thoi gian dé phat hién cac
vung chuyén dong trong mot anh.

Ludng quang (optical flow): ding dé nhan biét sy chuyén dong tuong ddi cia
cic diém anh trén bé mat nén anh cua doi tuong dudi gbc nhin tr mot vi tri ¢b dinh.
Tu mot tap diém cho trude, tim mot tap diém tuong tu trén mot anh khac dya trén sy
thay d6i khong 16n vé cudng do sang (intensity) ciia diém anh, optical flow xac dinh
ving chuyén dong trong anh va udc luong su thay ddi vi tri, van tée ctia diém anh
theo thoi gian.

- Xdc dinh vin toc dwa vao phwong phdp khung do

Phuong phap khung do 13 mot ving hinh chit nhat duoc xac dinh bang 4 diém
danh dau trude trén lan duong, dung dé xéc dinh vi tri, kich thude cua vung can giam
sat. Tt nhiing diém da dugc danh dau tao thanh 2 vach gém vach phat hi¢n dbi tuong
di vao ving tao sian va vach phat hién ddi tuong di ra khéi vung do.

Chiéu dai khoang cach cua 2 vach twong tng véi chiéu dai thuc té va phuong

huéng cia doan duong can quan sat. Khi d6i tugng di vao ving vach dau tién, hé
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thdng sé ty tinh toan ghi nhan vi tri di chuyén cta ddi twong qua tir frame anh 1am co

s& theo dbi chuyén dong cua dbi tugng.

Hinh 15: M6 hinh khung do

Céc tap hop diém x1, x2, x3, x4 (Hinh 14:) 1a cac diém méc duoc vé& san dé

dé quan sat trén 1an dudng thuc té, s 1a chiéu dai (mét) ctua doan dudng dugc xac dinh.

Hinh 16: Ty Ié chiéu dai thuc va chiéu dai khung do [3]

Van téc duge tinh qua camera chu yéu dua trén sy thay ddi vi tri cua ting dbi
tuong trén khung do, mdi khoang di chuyén trong khung do twong tmg trén man hinh
may tinh dugc tinh bang cac pixel, vi vay can khoang thoi gian qua trinh anh xa chiéu
dai cac pixel thanh chiéu dai thuc té thong qua ty 1 gitra khung hinh, chiéu dai h va
chiéu dai thyc té s ctia khung do nhu hinh 15:
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C= (14)

S
h

c: ty 16 chiéu dai thuc té va chiéu dai cua khung do

h: chiéu dai khung do duoc tinh (pixel)

s: chiéu dai thuc dugc tinh (mét)

Déi véi cac ddi twong di chuyén thoi gian dugc tinh dua trén sd khung hinh
dugc phat trong 1 gidy dbi voi xir Iy trén khung hinh video cua di tuong.

Video: V¢ = % (15)

Vt: thoi gian dugc tinh chuyén doi gitta 2 frame
fps: sb frame tinh trén giay
Khi xe bit dau di vao va ra khoi khung hinh do phai trai qua nhiéu frame, mdi

frame s€ ghi lai mot vi tri tay thoi gian thuc caa vat.

Khi 4p dung tinh van téc trung binh dua trén viéc tinh van tc cua timg doi

tuong khi di chuyén qua ting cap frame lién tiép nhau.

pl p2 p3 Pii P

Hinh 17: Tinh van téc trung binh caa céc giai doan [1]
Khoang cach ma dbi tugng di chuyén trén 2 frame lién tiép theo hinh 16: dua
trén khoang cach cua diém tinh pi-1(x1, y1) cua d6i teong & frame trude va ddi twong
diém pi (x2, y2) o frame sau, véi d 1a khoang cach cua ddi twong pi-1, pi, ta c6 thé

tinh duoc khoang céch thuc té ma dbi twong di duoc

d= \/(xz —x1)%+ (¥, —y1)? (16)
s=dxc 17)

v=> (18)

t
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n
_ Zi=1Vi

Vavg = (19)

n
Vang: VAN tOC trung binh ciia ddi tuong
v;: van toc thuc té cua di twong di chuyén tir frame i-1 dén frame i
d: khoang cach giira hai diém pi-1, pi

s: khoang cach da di trong thuc té caa ddi tuong

c: ty 16 chiéu dai

n: s6 lugc van tée do dugce trén khung thyc té

Nhu vay tir hai phuong phap da néu trén luin van chon phuong phap xac dinh
van toc dua vao phuong phap khung do vi phuong phéap nay c6 kha ning hoat dong
tu dong, cac goc camera co thé tu can chinh goc do phu hop véi moi trudng hoat
dong, c6 kha nang hoat dong linh hoat & nhiéu méi truong khac nhau, goc quay thong
dung véi nhidu may quay giam sat da duoc lap dat, quan trong nhat 1a cac thong sb
ky thuat da c6 sin viéc cdu hinh cai dat ap dung dé dang, kho khin cta phuong phap

nay la phai quan sat phuong tién dé hoan thanh viéc hiéu chuan.

3.3. Xay dung chwong trinh

- So db khoi

Luu dd hoat dong cua hé thdng do téc d6 phuong tién tham gia giao thong sir
dung camera hinh anh dugc dé xuit trong luan vin nhu hinh 17: bao gébm

Input: dir li¢u tr video.

Output: van toc cua cac doi tuong.
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v

Thu muc dataset

————»

<rmeotr > s

Xeét tirng frame

|

Phat hién xe
vao khung do

Tinh van tdc xe tir frame thit F; = Fis

|

Phat hién xe ron
khung do

yes

v

Tinh vén téc trung binh cia xe
|

. v

Hinh 18: Luu d6 hoat dong

Mbi frame trong video 13 mot hinh dnh doc lap, cung mot dbi tuong xuét hién
& nhiéu frame s& c6 nhing vi tri khac nhau, vi vay can xac dinh dbi tuong nay la duy
nhat trén tat ca cac frame dua vao sy thay doi khong qué 16n vé khoang cach ciia d6i
tuong nay trong 2 frame lién tiép minh hoa nhin dang xac dinh d6i twong qua timg

frame nhu hinh 18:
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History point ,
— Center point Center pomt

Next point |
T

- i it L el J foreground
foreground ————t

Frame i1-1 Frame i

Hinh 19: Minh hea xac dinh déi tweng

Trong qua trinh tir khi phuong tién bat dau di vao va di ra khoi khung do trai
qua nhiéu frame, mdi frame ghi lai mot vi tri. Viéc tinh van téc trung binh duwa trén
viéc tinh van téc cua doi twong khi di chuyén qua tirng cap frame lién tiép sau day
1a lru @b tinh khoang cach di chuyén thuc té cta hai d6i twong trén cac frame nhu
hinh 19:
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Capture
camera frame

;

N = NumOf{Frame
1= 1

1=1+1

.

Frame [13,N]

:

distanceBetweenPoints{cv::Foint pointl,
cv::Point point2.. .., cv::Point point]2)

Hinh 20 : Luu d6 thuat toan tinh khoang cach di chuyén thuc té cia hai déi
twgng trén cac frame
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3.4. Cong cu thuc hién

Str dung cong cu 1ap trinh Python 3.7 va thu vién OpenCV, Tensorflow

Chuong trinh demo duoc viét bang ngdn ngit Python. Dua trén yéu cau thyuc
té dé du doan tdc d6 xe chuyén dong bang camera thi chuong trinh can phai ¢6 cac
chtre nang nhu: ldy dir liéu dau vao 1a cac tap tin video c6 sdn tir cic camera giao
thong trén cac quéc 10, ctra ngo ra vao cac truc duong chinh, dya vao tap tin video
dugc chon va vi tri goc dit ciia camera dé diéu chinh cac thong sé bao gdm: ngudng
min, ngudng max, khung hinh... sau khi thiét 1ap cac thong sb s& bat dau chay chuong
trinh demo dé hién thi doan video ra khung hinh chinh va bat do téc d6 sau khi v&
khung hinh trong doan video va xudt hinh anh xe vuot qua gio1 han tdc do, tbe do
duogc hién thi trén giao dién chuong trinh .

Giao dién chwong trinh nhur hinh 20 bao gom:

1. Khung hinh chinh hién thi video trich xuat tir camera.
2. Hinh anh xe ¢6 tdc d6 vuot gidi han.
3. Tdc do do duge cua xe.

Hé Théng Do Toc Xe Hinh Anh Xe

Téc Do Po Pugc

20.63Km/hr

Hinh 21: Giao dién chwong trinh chay video
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Phan giao dién chwong trinh chay video ta thiy cac line red, green,blue,
bounding box co tac dung gi?

- Green line dung dé xac dinh xe vao

- Blue line dung dé xéc dinh xe ra

- Red line dung dé xac dinh bién s6 dé chup lai.

- bounding box dung dé nhan dang theo vét khi d6i twong chuyén dong

Tir giao dién chuong trinh (Hinh 22 ) cach xac dinh toc do dya trén cac Green

line, Blue line. Ty 1é cua cac line dya trén chiéu cao va goc do cua may quay

duoc can chinh va so sanh véi thiét bi do toc do chuyén dung.

Ta tinh duoc van tdc dua trén cac frame cua d6i tuong tur luc dy vao tur Green

line va lac két thuc Blue line, toc d dua trén toc d6 ghi hinh timg frame cta

thiét bi do chia cho thoi gian ciia frame Blue line — frame Green line ta duoc

téc do cua phuong tién.

fps

N (Blue Time — Green Time) 20

v: Téc d6 phuong tién
fps: Toc d6 ghi cua thiét bi fps/gidy
BlueTime: Thoi gian dy ra ctia ddi twong

GreenTime: Thoi gian dy vao cta di tuong
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Chwong 4: THU NGHIEM VA PANH GIA

Thuc hién xay dung bd dit lidu tir cic camera giao thong tai thanh phd Tay
Ninh. Tién hanh thyc hién huin luyén tap dit liéu v6i hé thng tu xay dung, danh gia
két qua va thuc hién hiéu chinh, cai tién néu co.

4.1. Thu thap va tién xir Iy dir liéu

B dir liéu thir nghiém duogc thu thip tir video giao thong dugc cung cép béi
hé théng camera giao thong cua thanh phd Tay Ninh.

Dir liéu thu thap tr may chu VNPT tdy ninh, 1 camera khu vuc cong chio
thanh phd T4y Ninh, bd dit liéu chay thir nghiém 140 GB, vdi tong s gio 1a 120 gid,
c6 téc do ghi 25 fps/gidy, kich thudc video 13 1920x1080 vé6i dinh dang file .mp4.
Trong bd dir liéu nay c6 mot khoang thoi gian dugce hoc vién mugn may ban tdc do
dé do thyc té va dé so sanh vai két qua ciia chuong trinh thir nghiém va sé trinh bay
& phan sau.

4.2. Cai dat va thir nghiém
4.2.1. Thiét lap ciu hinh
Chuong trinh duogc x4y dung trén hé thong voi cac thong sd nhu sau:
v B0 xtr 1y Intel Core 19-9900k, 3.60GHz, 32GB RAM, GPU 1050 Tl

v Hé diéu hanh Windows 10 64bit.

Google Colab Pro GPU Tesla P1 v4i bd nhd 16280MiB

File video dugc 14y tir may cht camera giam sét giao thong tiy ninh cia VNPT
tay ninh.

- Camera quay quét (HIKVISION) thyc té nhu hinh 21: dit tai diém qudc 16
22B (thanh phé tay ninh)
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HIKVISION

Hinh 23: Camera quay quét

4.2.2. Dir liéu thuwc nghiém

Trong luan van st dung dir liéu 240 GB tap tin video dé thur nghiém, dir li¢u
dugc trich xut tir camera ctra ngd qudc 16 vao thanh phd tiy ninh. Di lidu dugc lay
tir may chu VNPT tay ninh

4.2.3. Qud trinh va két qua thwe nghiém

» Qua trinh thwc nghiém

Dia diém thuc nghiém tai vi tri c6 gin camera gidm sét giao thdng, camera ghi
hinh dugc dat & do cao 6m, camera dugc dat trén cao vudng goc gitra cac lan duong,
v6i goc quay 30° do so voi mit duong, co tbe do ghi 25fps/gidy, kich thude video 1a
1920x1080 véi dinh dang file .mp4. Thuc hién bang cach sir dung may do tc do
chuyén dung va camera dat ¢ vi tri nhu trén dé ghi hinh lai tat ca cac xe chay qua sau
d6 dung chuong trinh demo st dung cac file di ghi hinh dé thir nghiém sau d6 déi
chiéu két qua so v6i may do téc dd bao gdbm cac phan nhu sau:

- Phét hién ddi twong chuyén dong: cho thiy hinh khoanh ving cac ddi
tugng chuyén dong.

- Theo vét dbi twong: Mdi xe duoc gan 01 ID va theo duge vét cua xe.

- Do tdc d6: Co thé do téc d6 va hién thi két qua 1én chuong trinh demo.

- Xuat két qua tir chuong trinh két hop vai toc d6 tir may do so sanh d6i

chiéu
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> Chudn bi div liéu

Pé huin luyén mo hinh, dataset can duoc gan nhan, tuy nhién dir liéu thu dugc
tir VNPT Tay Ninh lai chwra duoc gan nhan. Do d6 dé thuan tién va d& mat thoi gian
gan nhan, hoc vién da khao sat va nhan théy bo dataset KITTI Ia mdt bo dir liéu co
gan nhan, c6 chat luong tét va da dugc cong dong thé giéi dung 1am thude do cac
giai thudt may hoc trong viéc phat hién va theo vét ddi twong. Tir 46 Dataset KITTI
duoc lua chon dé huin luyén va danh giad mo hinh. Ngoai ra trong luan van st dung
SSD va bg dir liéu Pascal VOC dugc dung dé huan luyén mang géc SSD da bao g6m
cac phuong tién giao thong, nén viéc ddo tao twong ddi kha nhanh chong.

KITTI 1a bd dit liéu vé giao thong duong bd dugc xay dung cho viéce huin
luyén trong may hoc va thi gidc may tinh.

Trong bo dit liéu KITTI gém c6 7481 hinh anh huan luyén, 7518 hinh anh
kiém tra va 80256 d6i tugng dugc dan nhan. Toi da chia bo dir liéu huan luyén gém
7500 hinh anh trong d6 ding 10% dé kiém thir va 90% dé huan luyén.

» Xady dung model

Model dugc tim hiéu va x4y dung tir m3 ngudn mé, ngudn dugc tham khéo tir
github[26][27]

Dir lidu dugc huan luyén véi Google Colaboratory Pro trén md hinh SSD tap
dit liéu train duogc trich xuét tir bd dit liéu Dataset KITTL. Bo dit liéu thir nghi¢m chay
v6i tong thoi gian trén 35 phit.

Gan nhan dit liéu bang phan miém Lblimage duoc lwu duéi dang tép XML &
dinh dang PASCAL VOC.

Sau khi chon duoc ma nguén Model can huin luyén, ta tién hanh chon tai
nguyén va dang ky Colab Pro US$ 9,99/thang

Chon tai toan bo dit liéu XML va dit liéu can huan luyén Ién Google Drive sau
do ta tién hanh két ndi va huan luyén dir liéu véi mo hinh SSD

Phan chia tap dir li€u huan luyén va kiém tra, chuyén dinh dang tor XML sang
CSV tai cac Detection API, taii m6 hinh SSD va tién hanh c4u hinh cai dit théng sb

cho mo hinh



54

Budc tiép theo huin luyén mé hinh, xuat két qua va kiém tra mo hinh.

B6 dir liéu huin luyén duogc thir nghi¢m nhiéu lan dé tim ra d6 chinh xéac phu

- huén luyén 1000 budc thi ta thiy sai s6 con cao: 0.3759675
- huén luyén 10000 budc thi sai s6 gan nhu da thap va co thé dung duoc:
0.16466631

Sau khi huan luyén so sanh cac budc thi ta nhan théy do sai 6 0.16466631 caa

tap hudn luyén 10000 budc c6 thé tng dung t6t cho chuong trinh.

Chay thir nghiém trén bo dit liéu thuc té & Tay Ninh, trich xuét video thanh
phé thong minh do VNPT phat trién. Bo dit liéu c6 tong dung luong 240GB, ¢6 tbc
do ghi 25fps/giay, kich thudc video 1a 1920x1080 véi dinh dang file .mp4

Két qua thir nghi¢m

Trong luan van két qua thir nghiém s€ dugc trinh bay theo 02 loai thir nghiém:

- Thir nghiém phat hién ddi trong chuyén dong va theo vét d6i tugng.

o P X T < =

= ¥ | 1 3 ’

s T = L T, = - ¥ -
& L R 2 : § 3 ; -
= YKL ¢

Hinh 24: Phat hién va theo vét déi twgng chuyén déng
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Khi chay chuong trinh thi nhitng ddi tuong dang chuyén dong trong khoan
frame nhu hinh 22 thi chwong trinh phét hién duoc d6i twong chuyén dong. Cac d6i
tuong s€ dugc vé mot hinh vuong — chir nhat bao quanh c6 mau xanh va khi theo vét
dbi tuong nay sé dugc danh s6 dinh danh, duoc nhan dang theo loai xe va co biéu

dién nhitng cham xanh khi d6i twong di chuyén qua timg frame.

Thir nghiém do téc d6 va hién thi két qua 1én chwong trinh.

Hinh 25: Két qua thir nghiém do toc dd

Trong phan thir nghiém nhu hinh 23 ta thiy duoc sau khi cac d6i tugng dugc
v& boi hinh Vudng — hinh chit nhat bao quanh mau xanh nam trong cac duong
ranh gii han, khi ma xe chay qua toc d6 gii han khi qua duong mau xanh thi
chuong trinh ty dong luu hinh anh xe lai va hién thi két qua bén phai chwong trinh
va luu hinh anh vao hé thong.

Trong file thir nghiém nay chua duogc tich hop chirc ning nhan dang ban sb
va xuat execl phuong tién vi pham.

Video trich xuat dé chay demo c6 hon 30 6t6, thoi gian chay thir nghiém trén
video khoang 35 phut, 1y do khoan thoi gian nay c6 dung may do toc d6 chuyén
dung. Co 1 $6 phuong tién bi bé qua hoac khong léy duge tée d6 do ¢ mot sb
phuong tién qua kho thoi gian vao va ra video khong duoc chinh xéc.

Khong c6 truong hop theo vét nham dbi twong nay véi déi tugng khac
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C6 it phuong tién phét hién truy vét nhung khong 13y duoc toc d6 1y do
phuong tién qua kho, di khong dung lan duong,....

Bang 2: Két qua so sanh van téc tir camera bin téc d that cia CSGT va vén
téc do dwoc ciia chwong trinh

Téc do do ]
. Toc d¢ do o
dwgc bang Sai so toc
, dwgc trén hé
) i may ban i do do
STT BIEN SO Loai xe , thong thir
toc do ciaa (IV-V’|
nghiém V’
CSGTV Iv)*100%
(km/h)
(km/h)
1 021.58 XE OTO 50 44 12 %
2 001.43 XE OTO 31 26 5
3 041.70 XE OTO 22 22 8
4 1926 XE OTO 33 30 3
5 204.56 XE OTO 38 41 3
6 130.20 XE OTO 52 56 4
7 2006 XE OTO 49 33 6
8 105.34 XE OTO 46 42 4
9 159.74 XE OTO 40 35 5
10 160.36 XE OTO 49 51 2
11 606.11 XE OTO 41 36 5
12 0282 XE OTO 35 37 2
13 059.61 XE OTO 39 42 3
14 018.93 XE OTO 54 50 4
15 175.55 XE OTO 34 30 4
16 071.39 XE OTO 35 30 5
17 354.08 XE OTO 48 40 8
18 000.13 XE OTO 55 58 3



57

A

19 255.69 XE OTO 39 32 7
20 165.87 XE OTO 40 35 5
21 732.11 XE OTO 40 37 3
22 050.34 XE OTO 45 41 4
23 013.22 XE OTO 54 51 3
24 017.17 XE OTO 45 41 4
25 2322 XE OTO 36 32 4
26 013.98 XE OTO 38 41 3
27 004.80 XE OTO 45 48 3
28 112.87 XE OTO 32 36 4
29 232.11 XE OTO 35 40
30 175.01 XE OTO 40 36 4
Trung binh 4,3

Tir két qua thtr nghiém & trén cho thay:

- Trén 1 khung hinh ¢6 trén 2 phuong tién thi hé théng van phat hién va
theo vét dugc cac phuong tién, khong co truong hop ldy dbi tuong nay gin cho ddi
tuong khéc.

- Khi c6 nhiéu phuong tién trén khung hinh bi phuong tién khac che
khuat chuong trinh van phat hién d6i tuong tuy nhién c6 it trudng hop khong tinh
duoc toc do cua phuong ti¢n

- Sau khi chay demo chay video trén 30 6t6 dap tmg cac yéu cau thi co
khoan 2 6 t6 khong nhan dugc két qua do tdc do ty 1¢ sai s6 6,6%

Phuong phap thuc hién do tdc d6 phuong tién chuyén dong bang camera co
thé tan dung céc camera c6 san va do dugc trén nhiéu lan duodng so vdi camera ban
tbc do truyén

Tuy nhién khi sir dung chuong trinh chay thir dé do vén tdc thi cho két qua do

so voi thuc té chinh x4ac khoang 89.1%, theo t6i thi c6 nhitng nguyén nhan sau:
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Céc vi tri camera dugc ddt goc do khac nhau do do dan dén viéc du doan vi tri
va luu vét di chuyén cua dbi twong s& khong chinh xAc.

Nhiing d6i twong qua 16n thi chwong trinh chua nhan dang khong chinh xac
dan dén vén téc do chwa dung.

Viéc tinh toan van tdc chi ding cho chuyén dong thang trong gian 2D (chiéu
x,y) khong chinh xac khi d6i twong chuyén dong theo quy dao khac.

Tir nhiéu 1an chay thir nhiém két qua trén cho d6 chinh xac khoang 89.1% véi
két qua nay co thé ung dung luan van vao thuc tién cho don vi hodc dia phuong tuy
nhién dé c6 thé g dung vao thuc tién can phai cai tién thém vé nhiéu mat nhu: thuat
toan trir nén nang cao dé ting do chinh xac tinh toan, c6 thé nang chat luong camera,
mg dung thuat todn dé tinh toan vén toc do téc do thong qua camera véi thoi gian
thuc dé nhac nhd xu phat truc tiép khi phuong tién vi pham giao thong.

4.3. Kétluan chuwong

Trong chuong nay da trinh bay vé qua trinh tién hanh thir nghiém va danh gia
két qua ctia hé thong dé xuat. Cac két qua dat duoc kha tot va c6 thé phat trién tiép
dé tmg dung vao thuc té tai tinh TAy Ninh ciing nhu mé rong ra cac ving khéc.

Xay dung nghién ctru phat trién hé théng do tdc do trén quéc 16 thudc dia ban
tinh Tay Ninh.

Trong dé tai ndy, toi da tim hiéu tng dung cic phuong phap nhin dang vat thé
don gian c6 hiéu qua cao, va cac phuong phap truy vét tién tién cho bai toan udc tinh
tbc d6 phuong tién giao thong. Pong thoi, chung t6i xay dung demo cho két qua cia
bai toan udc tinh tde do.

Trong diéu kién dir liéu c6 s6 FPS cao, it bi che 1ap va mo hinh phat hién vat
thé SSD duoc huan luyén phu hop, cac k¥ thuat don gian c6 tde do thuc thi cao nhu
DEEPSORT van dat dugc d6 chinh x4c truy vét tot.

Viée st dung cac k¥ thuat truy vét méi c6 thé cai tién dang ké két qua phat

hién va theo ddi. Cac phuong tién duoc phat hién mot cach ddy di va chinh xac hon.
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KET LUAN VA HUONG PHAT TRIEN

V& mit ly thuyét, luan van da hoan thanh duoc viéc tim hiéu cac ly thuyét phuc
vu cho hé théng do toc do xe 6 td chuyén dong bang camera nhu: Tim hiéu, nghién
ctru va stir dung thu vién OpenCV, Tensorflow, Google Colab, hiéu dugc cac khéi
niém co ban vé xir Iy anh, cac thuat toan theo vét ddi twong, nhan dang ddi tuong,
chuyén dong bang phuong phap trir nén va cach thire xac dinh van téc 6 td chuyén
dong.

Vé thuc tién ap dung, luan van da hoan thanh dugc muc tiéu duoc dé ra la:
Xay dyung hé théng giam sat giao thong dya trén hé théng giam sat do thi thong minh
tinh ty ninh, tir cac camera h¢ théng Phat hién, nhan dang, truy vét d6i tuong, xac
dinh dugc vén toc ddi twong chuyén dong, hoan thanh cai dit va chay thi thanh cong
cac thuat toan dd nghién ciru trong phan 1y thuyét.

Ttr cac két qua chay thir nghiém thyc té trén dia ban tinh Tay Ninh ta c6 thé
ap dung thuc té hé théng giam sat phat hién truy vét va canh bao téc do cta phuong
tién tham gia giao thong trén dia ban tinh Tay Ninh

Tuy nhién con nhiéu han ché chua thé ap dung nhu 1a: s6 lwong camera dép
ung cho hé théng con thiéu, chat lugng ctia camera chua dat yéu clu, vé phén cung
chua dap ung dugc khi chuong trinh xtr 1y ciing e nhiéu hinh anh c6 d6 phan giai
16n, chuong trinh dugc xay dung chi 12 phin demo cua cac thuét toan xac dinh van
tdc cua ddi twong chuyén dong.

Huéng phat trién

- Xac dinh toc do phuong tién véi thoi gian thuc

- Tich hop thém nhan dang ban s6

- T6i wu hoa va loai bo céc thude tinh nhidu

- Tich hop vao hé théng giam sat thong minh ciia tinh

- Tim hiéu thém thuét toan xtr Iy anh va cac phwong phép trir nén tbi uu

hoéa chuong trinh dé tinh duoc té d6 chinh xac va nhanh hon
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PHU LUC

. Source code train SSD trén Colab
from absl import flags

import tensorflow.compat.v2 as tf

from object_detection import model_lib_v2

flags.DEFINE_string(‘pipeline_config_path', None, 'Path to pipeline config
file."

flags.DEFINE_integer(‘'num_train_steps', None, 'Number of train steps.’)
flags.DEFINE_bool(‘eval_on_train_data', False, 'Enable evaluating on train '
‘data (only supported in distributed training).")

flags.DEFINE_integer('sample_1 of n_eval_examples', None, 'Will sample
one of '

‘every n eval input examples, where n is provided.")

flags.DEFINE_integer('sample_1 of n_eval_on_train_examples', 5, ‘Will sa
mple '

‘'one of every n train input examples for evaluation, '
‘where n is provided. This is only used if '
“eval_training_data” is True.")
flags.DEFINE_string(
'model_dir', None, 'Path to output model directory '
‘where event and checkpoint files will be written.")
flags.DEFINE_string(
‘checkpoint_dir', None, 'Path to directory holding a checkpoint. If'

“checkpoint_dir" is provided, this binary operates in eval-only mode, '

'writing resulting metrics to "'model_dir’.")
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flags.DEFINE _integer('eval_timeout', 3600, ‘Number of seconds to wait for a
nl

‘evaluation checkpoint before exiting.")

flags.DEFINE_bool(‘'use_tpu', False, "Whether the job is executing on a TPU.
)
flags.DEFINE_string(
‘tpu_name’,
default=None,
help="Name of the Cloud TPU for Cluster Resolvers.")
flags.DEFINE _integer(
'num_workers', 1, '‘When num_workers > 1, training uses '
‘MultiWorkerMirroredStrategy. When num_workers = 1 it uses '
‘MirroredStrategy.")
flags.DEFINE_integer(
‘checkpoint_every n', 1000, 'Integer defining how often we checkpoint.’)
flags.DEFINE_boolean('record_summaries', True,
("Whether or not to record summaries defined by the model’
" or the training pipeline. This does not impact the'
' summaries of the loss values which are always'
' recorded."))
FLAGS = flags.FLAGS
def main(unused_argv):
flags.mark_flag_as_required('model_dir")

flags.mark_flag_as_required('pipeline_config_path')
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tf.config.set_soft_device placement(True)
if FLAGS.checkpoint_dir:
model_lib_v2.eval_continuously(
pipeline_config_path=FLAGS.pipeline_config_path,
model_dir=FLAGS.model_dir,
train_steps=FLAGS.num_train_steps,

sample_1 of n_eval examples=FLAGS.sample_1 of n_eval example

sample_1 of n_eval on_train_examples=(
FLAGS.sample_1 of n_eval_on_train_examples),
checkpoint_dir=FLAGS.checkpoint_dir,
wait_interval=300, timeout=FLAGS.eval_timeout)
else:
if FLAGS.use_tpu:
# TPU is automatically inferred if tpu_name is None and
# we are running under cloud ai-platform.
resolver = tf.distribute.cluster_resolver. TPUClusterResolver(
FLAGS.tpu_name)
tf.config.experimental _connect_to_cluster(resolver)
tf.tpu.experimental.initialize_tpu_system(resolver)
strategy = tf.distribute.experimental. TPUStrategy(resolver)
elif FLAGS.num_workers > 1:
strategy = tf.distribute.experimental. MultiWorkerMirroredStrategy()
else:

strategy = tf.compat.v2.distribute.MirroredStrategy()
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with strategy.scope():
model_lib_v2.train_loop(

pipeline_config_path=FLAGS.pipeline_config_path,
model_dir=FLAGS.model_dir,
train_steps=FLAGS.num_train_steps,
use_tpu=FLAGS.use_tpu,
checkpoint_every n=FLAGS.checkpoint_every n,
record_summaries=FLAGS.record_summaries)

if _name_ =='_ main_"

tf.compat.v1.app.run()
két qua NUM_TRAIN_STEPS=10000
INFO:tensorflow:Step 10000 per-step time 0.207s

10527 10:28:59.226914 139929104537472 model_lib_v2.py:707] Step
10000 per-step time 0.207s

INFO:tensorflow:{'Loss/classification_loss': 0.046244226,
‘Loss/localization_loss'": 0.014821663,
‘Loss/regularization_loss'": 0.10360042,

‘Loss/total_loss': 0.16466631,

'learning_rate": 0.07352352}

10527 10:28:59.227187 139929104537472 model_lib_v2.py:708]
{'Loss/classification_loss": 0.046244226,

‘Loss/localization_loss'": 0.014821663,
‘Loss/regularization_loss'": 0.10360042,
‘Loss/total _loss': 0.16466631,

'learning_rate": 0.07352352}
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2. Source code Giao dién hién thi
def main(sess=sesser):

if True:
fTime=time.time()
_,image_np=cap.read(0)
#image_np = imutils.resize(image_np, width=400)

# Definite input and output Tensors for detection_graph

# Expand dimensions since the model expects images to have shape: [1,
None, None, 3]
image_np_expanded = np.expand_dims(image_np, axis=0)
# Actual detection.
(boxes, scores, classes, num) = sess.run(
[detection_boxes, detection_scores, detection_classes, num_detections],
feed dict={image_tensor: image_np_expanded})

# Visualization of the results of a detection.
img=image_np
imgF,coords=vis_util.visualize_boxes_and_labels_on_image_array(
image_np,
np.squeeze(boxes),
np.squeeze(classes).astype(np.int32),
np.squeeze(scores),
category_index,
use_normalized_coordinates=True,
line_thickness=2)

matchVehicles(coords,im_width,im_height,imgF)
checkRedLightCrossed(imgF)
checkSpeed(fTime,img)
for v in vehicles:

If v.getTracking()==True:

for p in v.getPoints():
cv2.circle(image_np,p,3,(200,150,75),6)
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#print(ymin*im_height,xmin*im_width,ymax*im_height,xmax*im_width)

#cv2.rectangle(image_np,(int(xmin*im_width),int(ymin*im_height)),(int(xmax
*im_width),int(ymax*im_height)),(255,0,0),2)
cv2.line(image_np, (int(xI1),int(yl1)), (int(x12),int(yl2)), (0,255,0),3)
cv2.line(image_np, (int(x13),int(yl3)), (int(x14),int(yl4)), (0,0,255),3)
cv2.line(image_np, (int(x15),int(yl5)), (int(x16),int(yl6)), (255,0,0),3)
VideoFileOutput.write(image_np)
#print(‘yola')
frame=cv2.resize(image_np,(1020,647))
cv2image = cv2.cvtColor(frame, cv2.COLOR_BGR2RGBA)
img = Image.fromarray(cv2image)
imgtk = ImageTk.Photolmage(image=img)
displayl.imgtk = imgtk #Shows frame for display 1
displayl.configure(image=imgtk)
window.after(1, main)
Ibl1 = tk.Label(frame,text="Khung hinh chinh dé két ndi véi camera',font =
"verdana 12 bold™)
Ibl1.pack(side="top")

IbI2 = tk.Label(frame2,text="Hinh anh phwong tién vuot toc do',font = "verdana
10 bold™)
Ibl2.grid(row=0,column=0,sticky ='S',pady=10)

Ibl3 = tk.Label(frames,text:'Téc d¢ ',font = "verdana 10 bold")
Ibl3.grid(row=0,column=0,sticky ='S',pady=10)

3. Source code xir ly video
detection_graph = tf.Graph()
with detection_graph.as_default():
od_graph_def = tf.compat.v1.GraphDef()
with tf.compat.v1.gfile. GFile(PATH_TO_CKPT, 'rb") as fid:
serialized_graph = fid.read()
od_graph_def.ParseFromString(serialized_graph)
tf.import_graph_def(od_graph_def, name=")
label_map = label_map_util.load_labelmap(PATH_TO_LABELYS)
categories = label_map_util.convert_label_map_to_categories(label_map,
max_num_classes=NUM_CLASSES, use_display_name=True)
category_index = label _map_util.create_category_index(categories)
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cap=cv2.VideoCapture('ssssabcl.mp4’) # 0 stands for very first webcam attach
#cap=cv2.VideoCapture('abc.mp4’)

filename="testoutput.avi"

codec=cv2.VideoWriter_fourcc('m’,'p','4",'v")#fourcc stands for four character code
framerate=10

resolution=(640,480)
VideoFileOutput=cv2.VideoWriter(filename,codec,framerate, resolution)

vs = WebcamVideoStream(src='Set01_video01.mp4').start()
ret,imgF=cap.read(0)

imgF=Image.fromarray(imgF)

im_width, im_height = imgF.size

x11=0

x12=im_width-1

yl1=im_height*0.5

yl2=yl1l

ml1=(yl2-yl1)/(xI2-xI1)

intcptl1=yl1-mI1*xI1

count=0

x13=0

xl4=im_width-1
yl3=im_height*0.25
yl4=yl3
ml2=(yl4-ylI3)/(x14-x13)
intcptl2=yl3-mI2*xI3

x15=0

x16=im_width-1

yl5=im_height*0.1

yl6=yI5

mi3=(yl6-ylI5)/(x16-x15)

intcptl3=yl5-mI3*xI5

ret=True

start=time.time()

c=0

sesser=tf.compat.v1.Session(graph=detection_graph)

image_tensor = detection_graph.get_tensor_by name(‘image_tensor:0")
detection_boxes = detection_graph.get_tensor_by name(‘detection_boxes:0")
detection_scores = detection_graph.get_tensor_by name(‘detection_scores:0")
detection_classes = detection_graph.get_tensor_by name(‘detection_classes:0")
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num_detections = detection_graph.get_tensor_by name('num_detections:0’)
window = tk.Tk() #Makes main window
window.wm_title("T.M.S")
window.columnconfigure(0, {'minsize": 1020})
window.columnconfigure(1, {'minsize": 335})
frame=tk.Frame(window)
frame.grid(row=0,column=0,rowspan=>5,sticky="N',pady=10)
frame2=tk.Frame(window)
frame2.grid(row=0,column=1)
frame3=tk.Frame(window)
frame3.grid(row=1,column=1)
frame4=tk.Frame(window)
frame4.grid(row=2,column=1)
frame5=tk.Frame(window)
frameb.grid(row=3,column=1)
frame2.rowconfigure(1, {'minsize": 250})
frame3.rowconfigure(1, {'minsize": 80})
frame4.rowconfigure(1, {'minsize": 150})
frame5.rowconfigure(1, {'minsize’: 80})
. Source code tinh tdc d9 ciia phwong tién va luu hinh anh phwong
tién vugt gioi han
def checkSpeed(ftime,img):
for v in vehicles:
if v.speedChecked==False and len(v.points)>=2:
x1,yl=v.points[0]
X2,y2=v.points[-1]
if y2<yll and y2>yl3 and v.entered==False:
v.enterTime=ftime
v.entered=True
elif y2<yl3 and y2 > yI5 and v.exited==False:
v.exitTime=ftime
v.exited==False
v.speedChecked=True
speed=25/(v.exitTime-v.enterTime)
print(speed)
bimg=img[int(v.rect[1]):int(v.rect[1]+v.rect[3]),
int(v.rect[0]):int(v.rect[0]+v.rect[2])]
frame2=bimg
img2 = Image.fromarray(frame2)
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w,h=img2.size
asprto=w/h
frame2=cv2.resize(frame2,(250,int(250/asprto)))
cv2image2 = cv2.cvtColor(frame2, cv2.COLOR_BGR2RGBA)
img2 = Image.fromarray(cv2image2)
imgtk2 = ImageTk.Photolmage(image=img2)
display2.imgtk = imgtk2 #Shows frame for display 1
display2.configure(image=imgtk2)
display3.configure(text=str(speed)[:5]+'Km/hr’)
if speed >20: ------------=----- # test
speedcv=round(speed,1)
#cv2.imshow('BROKE',bimg)
#name='Rule Breakers/culprit'+'-"+str(speed)+'-
“+str(time.time())+".jpg’
name = 'Rule Breakers/culprit' + '-' + str(speed) + '-' +
str(time.time()) + ".jpg’
cv2.imwrite(name,bimg)
tstop = threading.Event()
thread = threading.Thread(target=getLicensePlateNumber,
args=(name,))
thread.daemon = True
thread.start()
detection_graph = tf.Graph()
with detection_graph.as_default():
od_graph_def = tf.compat.v1.GraphDef()
with tf.compat.vl.gfile.GFile(PATH_TO_CKPT, 'rb") as fid:
serialized_graph = fid.read()
od_graph_def.ParseFromString(serialized_graph)
tf.import_graph_def(od_graph_def, name=")



